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Abstract 

There is an abundance of forest in Japan, yet a lack of utilization of woody biomass in 

energy systems. Small-scale woody biomass can enable a supply chain based on domestic 

forest integrated with local industry and demands, in turn facilitating local vitalization. 

Successful creation of collective energy systems is strongly connected to supply chain 

design based on local conditions and stakeholder integration. A supply chain perspective 

is key in enabling woody biomass energy systems. In these supply chains lies a complex 

stakeholder network across different industries, in turn incurring a need to understand 

both formal factors, such as technology, and informal factors, such as social relations and 

culture across these industries.  

 

The purpose of this study is to investigate the main challenges, success factors and 

convergence or divergence of perceptions of key stakeholders across the supply chain of 

small-scale woody biomass energy systems in Japan. In this study, the concept of small-

scale woody biomass involves a supply chain based on domestic forest and integrated 

with local supply and demand. If the challenges and success factors, as well as balance of 

perceptions, can be highlighted and managed, small-scale woody biomass can be enabled 

by incorporating a system’s approach in supply chain analysis. This study employs a 

methodology incorporating literature studies and semi-structured interviews with 

experts to create an initial “pentagon model” presenting hypothesized success factors, 

including both formal and informal elements divided into five categories:  technology, 

structure, social relations & network, culture and interaction. This is a base for the case 

studies, involving in-depth, semi-structured interviews with four key stakeholders in the 

woody biomass energy system supply chain, exploring their perceived challenges and 

success factors. The case studies are carried in Kyushu, the southernmost of the Japanese 

main islands, known for an abundance of forest alongside activity in the field of woody 

biomass.  

 

The main success factors emphasized by one or more of the interviewed case study 

stakeholders are respect of values & traditions, transportation infrastructure, business 

model integration, relationship & trust, local vitalization and biomass quality control. 

Interesting findings related to the relative success factor perceptions include the high 

emphasis in the upstream supply chain on respect & traditions of the forest industry, and 

lack of emphasis downstream. Moreover, biomass quality control is more discussed by 

the downstream supply chain as a main success factor. The success factors and balance 
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of perceptions found in this study indicate the importance of both informal and formal 

elements in supply chain success, as well as managing a potential imbalance of 

perceptions. This study is meant to serve as a base for further studies on factors of the 

woody biomass energy system supply chain, and promote a system’s approach 

incorporating both formal and informal aspects in this research.   
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Sammanfattning 

En stor del av Japan är täckt av skog, men biomassa från skogen används till en mycket 

liten del i landets energisystem. Småskaliga skogsbaserade biomassasystem är med 

fördel byggda på värdekedjor baserade på inhemsk skog, integrerade med det lokala 

näringslivet och lokal efterfrågan, som i sin tur kan möjliggöra vitalisering och tillväxt i 

dessa områden. Framgångsrika kollektiva energisystem är starkt kopplade till design av 

värdekedjor baserade på lokala förhållanden och integrering av flertalet intressenter. Ett 

komplett värdekedjeperspektiv är mycket viktigt för energisystem baserade på biomassa 

från skogen, då värdekedjorna bygger på komplexa intressentnätverk som sträcker sig 

över olika branscher. Detta skapar i sin tur ett starkt behov att förstå både formella 

faktorer, såsom teknik, och informella faktorer, såsom sociala relationer och kultur. 

Syftet med denna studie är att undersöka de största utmaningarna, framgångsfaktorerna 

och konvergensen eller divergensen av uppfattningar bland nyckelintressenter i hela 

värdekedjan av småskaliga energisystem drivna av biomassa från skogen i Japan. I denna 

studie innebär begreppet småskaliga system att de är baserade på inhemsk skog, samt 

integrerade med lokal tillgång och efterfrågan. Om utmaningar och framgångsfaktorer, 

liksom balansen av uppfattningar kring dessa, kan lyftas fram och behandlas, kan 

småskalig biomassa främjas genom etablering av ett systemtänk i analys av värdekedjan. 

I metoden för denna studie ingår literaturstudier och semistrukturerade intervjuer med 

experter för att skapa en grundläggande “pentagon-modell” som presenterar ett antal 

framgångsfaktorer för värdekedjan för småskalig biomassa i Japan. Denna modell 

inkluderar både formella och informella faktorer indelade i fem kategorier: teknik, 

struktur, sociala relationer & nätverk, kultur och interaktion. Modellen utgör grunden 

för fallstudierna inom denna studie som omfattar djupgående, semistrukturerade 

intervjuer med fyra nyckelaktörer i värdekedjan för småskalig biomassa. Genom dessa 

intervjuer utforskas aktörernas uppfattningar kring utmaningar och framgångfaktorer. 

Fallstudierna genomfördes på Kyushu, den sydligaste av de japanska huvudöarna, känd 

för en stor andel skog, en relativt aktiv skogsindustri samt ett visat intresse för bioenergi 

från skogen.   

De viktigaste framgångsfaktorerna som framhölls av en eller flera av de intervjuade 

aktörerna under fallstudierna är respekt för värderingar och traditioner, infrastruktur för 

transport av trä, integrering av affärsmodeller, relationer och förtroende, lokal 

vitalisering samt kontroll av biomassakvalitet. En intressant upptäckt relaterad till de 

relativa uppfattningarna av framgångsfaktorer, är den stora vikt som läggs uppströms i 

värdekedjan gällande respekt för traditioner inom skogsindustrin, samt brist på betoning 

av detta nedströms i kedjan. Därutöver anses kvaliteten av biomassa mycket viktigt 
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nedströms i värdekedjan. Framgångsfaktorerna och obalansen av uppfattningar som 

påpekats i denna studie visar på vikten av både informella och formella faktorer, samt 

att hantera en potentiell obalans av uppfattningar kring dessa för att skapa framgångsrika 

värdekedjor. Denna studie är tänkt att ligga till grunden för framtida studier kring 

faktorer som påverkar värdekedjor för energisystem drivna av biomassa från skogen, 

samt att främja ett systemtänk som omfattar både formella och informella aspekter.  
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1. Introduction 

As follows, this study is introduced with a brief background, problem formulation, hypothesis, 

purpose, aims, research questions and delimitations. The background incorporates an overview of 

the status of energy and more specifically woody biomass in Japan, the potential of small-scale 

distributed woody biomass energy solutions and supply chain management in this context.    

 

1.1. Background  
 

Globally, the incorporation of renewable resources in energy systems has gained 

considerable attention and is increasing. This is clearly indicated in the number of 

countries with renewable energy policies, which has risen from 43 to 164 between 2005 

and 2015 (IRENA, 2015).  Climate change is today recognized as a global issue, which in 

turn needs to be tackled globally. Efforts in doing so are seen, for instance, in the 

international COP21 meeting in Paris in 2015, through which a higher degree of unison 

was established amongst countries as a catalyst for climate change mitigation strategies. 

(UNFCCC, 2015). However, renewable energy and energy market reform is today no 

longer recognized as solely a necessity in combatting global warming, but as a stimulator 

of economic growth and resource independence. The notion of distributed energy, 

through locally integrated energy systems, is increasingly utilized in the context of 

enabling local economies through renewable energy. This is also applicable to the context 

of Japan, with biomass being one form of renewable energy in focus. (DeWit, 2015).  

 

In Japan, there is an abundance of forest, at 70% of the nation’s land area (World Bank, 

2015), showing potential for woody biomass in the transitioning of the country’s energy 

system towards higher shares of renewable energy. The government targets a renewable 

energy share in the national power mix of 22-24% by 2030, as compared to 12.6% in 2014 

(including large-scale hydro-power) (ISEP, 2015). In this share, the target for biomass is 

4% by 2030 (JETRO, 2015) as compared to 1.5% in 2014 (ISEP, 2015). The Japanese energy 

market conditions are changing, with energy market reforms involving the deregulation 

and legal unbundling of the power and gas markets. The government’s feed-in-tariffs 

(FITs) for renewable energy power generation are high for biomass. Power generated 

utilizing woody biomass from forest residue, in plants with capacities of under 2 MW, 

receive the highest FITs of all renewable energies, at 40 yen per kWh. The FITs are based 

on costs and potential revenue involved in creating and running the plant. (Izumi et al., 
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2016). However, despite apparent potential of domestic forest-derived woody biomass in 

Japan, its expansion for power and heat is still small and relatively slow (IEEJ, 2014).  

 

There is an availability of literature covering individual elements and technologies in the 

woody biomass supply chain, such as sustainable forest management (Fabusoro et al., 

2014), improving biomass logistics through a focus on moisture content reduction 

(Greene et al., 2014), biomass fluidized bed boiler technologies (Verma, 2014) etc. This 

shows the availability of knowledge on individual elements in the woody biomass supply 

chain. In Japan, however, an abundance of forest alongside technological availability is 

yet to lead to higher levels of woody biomass utilization. As Aguilar (2014) and Keefe 

(2014) indicate, understanding and innovating the supply chain of woody biomass is key 

for successful utilization in energy systems as this process is very dependent on logistics 

and a stable flow from the upstream to downstream. BR&D (2014) further emphasize that 

most research and development of bioenergy systems has focused on a single component 

in the supply chain, rather than taking a holistic approach in enabling developing of the 

system in its entirety. An integrated approach is needed in woody biomass research. This 

integration involves incorporating various parameters, from technology to 

socioeconomic elements, concerning each stakeholder of the supply chain as well as 

corresponding inter-relationships. This is in line with the need to understand inter-

organizational dynamics in green supply chains, as highlighted by Sarkis et al. (2011). By 

doing so, holistically comprehensive understanding of forest product pathways is 

enabled.   

 

This indicates a need to adopt different perspectives in analyzing the challenges of 

expansion of woody biomass for power and heat. The main challenges and success factors 

of woody biomass in Japan can be seen from a supply chain perspective, by investigating 

the activities of the multiple stakeholders in this chain, in understanding synergies and 

bottlenecks, and in highlighting the balance or imbalance of perceptions amongst them.  

 

It is useful to investigate formal factors, such as structure and technology, as well as 

informal factors, such as culture and social relations, from a multiple stakeholder 

perspective in highlighting convergences and divergences of perceptions across the 

supply chain. The categorization of formal vs. informal factors in this study is based on 

Schiefloe (2016), as elaborated upon further on. There is as of yet a lack of literature 

touching upon the supply chain of small-scale woody biomass for power and heat, from 
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a multiple stakeholder perspective, especially in the context of Japan. There are a few 

examples of research on the supply chain of woody biomass. Cozzi et al. (2013) discusses 

the supply chain of forest residue for biomass production from a techno-economic 

perspective, Lautala et al. (2015) discusses opportunities and challenges in biomass 

supply chain design and analysis, Cambero & Sowlati (2014) assesses and optimize the 

woody biomass supply chain from a triple-bottom-line approach and Lautala et al. (2015) 

investigate the opportunities and challenges of biomass supply chain design and 

analysis. In addition, Martire et al. (2015) investigates perspectives of environmental 

sustainability focusing on local-scale energy solutions based on forest resources. Ooba et 

al. (2015) focus on woody biomass in Japan, investigating the ecological-economic 

sustainability of woody biomass production. The authors all emphasize the importance 

of supply chain design and management in effective bio-energy systems, however 

amongst them there is a lack of focus on inter-organizational dyanamics and informal 

factors in supply chain analysis.  

 

In the context of this study, it is important to define the concept of “small-scale” 

distributed energy. Distributed generation can be identified based on voltage levels, and 

also based on the principle of being connected to circuits directly supplying power 

demands and neither centrally planned nor dispatched. The IEEE’s definition of 

distributed generation implies that the scale is small enough to enable interconnection in 

nearly any point in the grid. (Pepermans et al., 2003). According to Dondi et al. (2002), 

distributed energy involves small-scale power generation or storage, usually ranging 

from less than 1 kW to tens of MW, near the end electricity demands and is not part of a 

large centralized power system. Upon collecting a variety of different definitions of 

distributed generation, Pepermans et al. (2003) favour the definition of Ackermann et al. 

(2001), describing distributed generation in terms of connection and location rather than 

scale of capacity, being connected directly to the grid on the customer side of the meter. 

Hence, in this study, small-scale energy systems are defined in line with Dondi et al. 

(2002) and Ackermann et al. (2001) and as discussed by Pepermans et al. (2003), as 

systems generating power integrated with local supplies and on energy demands. As 

indicated by DeWit (2015), distributed, “small-scale”, collective energy systems enable 

local economies. As such, the small-scale woody biomass energy system concept of this 

study involves a supply chain which is based on domestic forest and that can be 

integrated with local industry and demands, enabling local vitalization.  
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Johansen & Røyrvik (2014) further highlight the failure of previous studies in addressing 

the true complexity of innovation processes as well as context dependency in small-scale 

energy system development. System innovation, it is pointed out, lies not only in 

technology but in the establishment of interconnectedness amongst the involved 

companies for energy flow integration. This indicates a need to look more into informal 

factors in the supply chains of small-scale energy systems. This can aid in explaining the 

lack of locally integrated energy systems today, despite technological availability, both 

in Japan and worldwide. The woody biomass supply chain involves both different forms 

of technology as well as a high degree of complexity considering the concened 

stakeholder network stretching across the forest, biofuel, power and heat industries. 

Hence, it is of significance to understand both formal factors as well as informal factors 

across the supply chain, such as communication and trust, in managing this complexity. 

This is in accordance with Sarkis et al. (2011), highlighting the importance of considering 

underpinning inter-organizational theories, such as complexity theory, stakeholder 

management and social networks in green supply chain management theory. There is a 

lack of literature involving inter-organizational theory and multiple stakeholder analysis 

incorporating both formal and informal factors in the supply chain of woody biomass for 

a system’s approach. This study has been formulated in accordance with this gap, 

elaborated on as follows.  

 

1.2. Problem formulation  
 

Forest bioenergy systems have an inherent potential to aid in lowering greenhouse gas 

emissions as well as stimulate local economies (Suntana et al., 2012). There is high 

potential for small-scale woody biomass created from domestic forest for power and heat 

in Japan, due to expansive forest area and potential to be integrated with local 

communities and demands, in creating collective energy systems. Despite these 

circumstances, there are low levels of woody biomass utilization for power and heat 

generation, for which there is sufficient technological availability. This indicates that 

issues inhibiting expansion of woody biomass are not only related to technological 

aspects but more so to economic and social aspects, and visible from a system’s approach 

across the woody biomass supply chain.  
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1.3. Hypothesis 
 

The woody biomass supply chain involves a variety of different actors across different 

industries, incurring a high level of stakeholder network complexity. Supply chain 

management is a main issue affecting the successful expansion of woody biomass in 

Japan. Shiroyama et al. (2015) touch upon the importance of overcoming sectionalism in 

supply chains involving a complex network of diverse stakeholders. Johansen & Røyrvik 

(2014) highlight that the creation of collective energy systems, integrated with local 

communities, is directly connected to stakeholder management in order to utilize 

complementary energy resources and finding synergies, in turn indicating that each 

supply chain is to be designed based on local conditions and stakeholders. For instance, 

woodchip prices are heavily dependent on lumber collection costs, and thereby can vary 

significantly in different geographical locations in Japan. This incurs that business models 

for new woody biomass plants need to be customized for local conditions. (Yanagida et 

al., 2014). A supply chain perspective is key in enabling successful woody biomass energy 

systems integrated with local communities in a sustainable manner, for effective 

management of energy resources as well as stakeholders in the long term. Inter-

organizational dynamics is also key in understanding multiple stakeholder management 

in enabling green supply chains (Sarkis et al., 2011), indicating a need to understand both 

formal and informal factors in the supply chain. It is important to investigate the success 

factors of each small-scale woody biomass supply chain individually, due to differing 

local conditions and stakeholder perceptions.  

 

Therefore, the hypothesis of this study is that if the key challenges and success factors as 

perceived by different stakeholders in woody biomass energy system supply chains can 

be highlighted and managed, from both formal and informal perspectives, the utilization 

levels of woody biomass can rise by incorporating a system’s approach. With this, there 

is a series of key supply chain success factors of small-scale woody biomass for power 

and heat in Japan, based on perspectives from the upstream to downstream supply chain.  

 

1.4. Purpose 
 

The purpose of this study is to investigate and evaluate the main challenges, key success 

factors and convergence or divergence of perceptions across the supply chain of small-
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scale woody biomass, created from domestic forest, for power and heat generation in 

Japan. The main challenges and key success factors are to be derived based on the 

perspectives of the key supply chain stakeholders, in order to attain a comprehensive 

system’s approach. This will be facilitated through interviews with experts on aspects 

across the supply chain, as well as with stakeholders active in the supply chain.  

 

1.5. Aim 
 

The aim of this study is to, in the context of small-scale woody biomass energy systems 

in Japan:  

 highlight the importance of informal and formal factors in woody biomass supply 

chain planning and management  

 present key success factors identified from a holistic supply chain perspective, for 

woody biomass supply chains in Japan 

 create an overview of supply chain stakeholder perceptions of challenges and key 

success factors  

 

These aims are met by answering the research questions of this study.  

 

1.6. Research questions 
 

Aligned with the aims of this study, the research questions are:  

 

1) What are the main challenges of small-scale woody biomass energy system supply 

chains in Japan? 

2) What are the key success factors of small-scale woody biomass energy system supply 

chains in Japan?  

3) How do perceptions of challenges and success factors converge and diverge amongst 

the supply chain stakeholders?  
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1.7.  Delimitations  
 

The scope of this study is focused on the success factors of the supply chain of domestic 

forest-derived woody biomass for the small-scale generation of power andheat in 

Japan. This scope is based on the following delimitations:  

 

 Japan: the study is geographically limited to Japan, and traced by contextual 

elements, including energy policy, market design, public perceptions and culture.   

 Domestic forest-derived woody biomass: biomass created from domestic forest 

 Small-scale generation: the supply chain management approach analysis and 

success factor model created in this study is based on prospects of small-scale (as 

defined in section 1.1) woody biomass power and heat generation.  

 Supply chain: the supply chain perspective is taken in order to see challenges and 

success factors from a birds-eye-view. In depth technological, economic or 

environmental analyses for individual sections of the supply chain are not 

presented. The supply chain is defined as all steps from the trees in the forest to 

conversion to energy in form of electricity and/or heat, for instance as in Figure 1.  

 Success factors: the focus of this study is on investigating and presenting the 

supply chain success factors as perceived by its stakeholders. An optimal woody 

biomass supply chain model is not presented, as the hypothesis of this study is 

also states that there is a series of success factors to be considered when designing 

different supply chains for different local conditions.  

 

 

  

Figure 1: Overview of the typical steps involved in biomass 

supply chains (Martin, 2015) 
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2. Literature Studies 

In this chaper an overview of Japan’s historical energy developments is presented, related to both 

technology and market aspects, in order to create a comprehensive understanding of Japan’s 

unique energy situation. With this background, the status of biomass and, more specifically, woody 

biomass is introduced in the context of Japan’s energy market development, forest industry and 

wood demand dynamics. Theory on sustainable forest management is also discussed in a global 

context as well as in the context of Japan, as an important consideration in woody biomass 

solutions. Supply chain theory as well as innovation theory is thereafter elaborated on, as a base 

for analyzing the woody biomass supply chain, stakeholders therein and the drivers of change.  

 

2.1 Japan’s Energy Situation 
 

As follows is an overview of Japan’s general energy system, including historical 

developments, the current status and a future outlook. Important historical 

developments include the two oil crises of the 1970s as well as the shutdown of all nuclear 

power following nuclear meltdowns induced by the Great East Japan Earthquake of 2011. 

Moreover, the historical market structure of Japan, based on vertically integrated regional 

monopolies, as well as the currently ongoing power, gas and heat market reforms are 

introduced. Japanese energy market developments have been very dynamic thus far, 

with new opportunities and challenges created with the market reforms coupled with a 

long history of regional monopolies and dependency on fossil-fuel import. 

 

2.1.1. Oil Crises Spurring Energy Efficiency and Diversification  

 

Japan is amongst the world’s top importers of fossil fuels, including liquefied natural gas 

(LNG), coal, crude oil and oil products, creating a very high dependence on international 

energy resources (EIA, 2015). A series of historical events have contributed largely to the 

current state of the Japanese energy system. Being the world’s third largest economy and 

the OECDs’ second largest electricity market (JETRO, 2015), alongside being practically 

barren of conventional energy sources, such as oil or coal, Japan is in a form of “policy 

deadlock” in its energy and economic development (Portugal-Pereria & Esteban, 2014). 

Following the oil crises of the 1970s, Japanese utilities and industry actively began 

developing energy efficient technologies and processes, in order to decrease vulnerability 

towards potential future changes in energy consumption and prices. (Yamaguchi, 2012). 
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The resulting change in the ratio of electricity consumption to primary energy supply is 

illustrated in Figure 2. There was a sharp decline of 30 % in primary energy consumption 

per GDP in the 10 years following the first oil crisis, and another less steep but steady 

decline of 10% over 20 years following the second crisis. These improvements are at large 

attributable to progress in energy efficient equipment and process technologies as well as 

energy management systems (EMS). (Shibuya, 2011). This is indicated in the increasing 

ratio of consumption to primary energy supply in Figure 2. Promotion energy efficiency 

has also been clear from the government. The Energy Conservation Law established in 1979, 

triggered by the oil crises and continuously developed, encourages all industrial players 

to improve energy efficiency by 1% annually until 2030 through incentivizing with tax 

incentives, subsidies and interest rate benefits. (Nishiyama, 2013). These aligned efforts 

from the public and private sectors, in transitioning from “energy-dependency” to 

“energy-saving”, has enabled Japan to overcome deflation an have amongst the lowest 

energy intensities in the industrialized world. (MICA, 2015). In 2013, for instance, Japan’s 

primary energy-use per capita (kg oil-equivalents) was 3.6, while South Korea, Sweden, 

USA and Canada reached of 5.2, 5, 6.9 and 7.1, respectively (World Bank, 2016 b).  

 

 

 

2.1.2. Power Mix Development and the Nuclear Issue   

 

Japan’s energy mix is comprised of high levels of imported fossil fuels. As illustrated in 

Figure 3, the ratio of Japan’s independence from energy import, as shown in the lower 

graph, declined to less than 10% in the 1980’s and reached a level as low as 4.8% in 2011. 

Figure 2: Trends in primary energy supply in Japan (METI, 2003) 
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Moreover, as can be seen in the upper graph, the dependence on oil imports from the 

Middle East has been high for a long time. Domestic energy resources have contributed 

to less than 9% of the country’s total primary energy supply following the Great East 

Japan Earthquake of 2011, incurring a high burden on the economy (EIA, 2015). In 2015, 

Japan was 91.4% import-dependent for its primary energy supply. It is apparent that this 

strong import dependence, mainly from an area with fluctuating stability, puts Japan in 

an undesirable and vulnerable position. (Amagi et al., 2014) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Following the oil crises, the government has taken measures to introduce petroleum 

alternatives, such as natural gas, coal and nuclear power (MICA, 2015). The share of 

renewable energy is still low compared to many other nations, at 12.6% in 2014. 

Developments of the Japanese energy mix in terms of power generation between 1990 

and 2014 are seen in Figure 4. Nuclear power held a significant share in the power mix 

until 2011. The government aimed to utilize nuclear power in supplying Japan’s base 

load, with a target share of 50% by 2030 (IGEL, 2013). However, the Great East Japan 

Earthquake of 2011 led to explosions and seven meltdowns in three nuclear reactors in 

the Fukushima region, resulting in radioactive leakage. Hence, the Japanese government 

stopped all nuclear power, coupled with an increase in thermal power generation. These 

events also increased attention towards and awareness of the role of renewable energy 

Figure 3: Japan’s energy independence and oil dependence to the 

Middle East from the 1960’s to 2010. (Amagi et al., 2014) 
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for increased sustainability and energy security, in the government, the private sector 

and in the general public. (Yamashita & Nakamura, 2016)  

 

2.1.3. Regional Power Monopolies & Renewable Energy  

 

Despite increasing awareness, the share of renewable energy sources in the country is 

still small, as can be seen in Figure 4. There is yet a high dependency on fossil fuel 

imports. (MICA, 2015). Japan has an interesting market background and structure based 

on ten regional power monopolies that, as stated in the government’s Electricity Business 

Act, vertically integrate generation, distribution and transmission of electricity with the 

purpose of guaranteeing a stable power supply. Tight limitations for access for 

transmission between regional power monopolies as well as two differing semi-

autonomous grid power frequency systems (50 Hz in East Japan and 60 Hz in West Japan) 

have limited interconnectivity for higher system-wide effectiveness. Conservatism and 

an incumbent mindset leaning towards the use of large-scale oil, coal and gas in the 

regional monopolies have also limited renewable energy expansion and smaller-scale 

independent power producers (IPPs) in the grid. (Portugal-Pereria & Esteban, 2014). With 

this mindset, fossil power plant investments are high, reflecting an additional capacity of 

more than 50 GW in the 2020s, comprised of approximately 20 GW coal and 30 GW LNG. 

In combination with an expected increase in renewables for power production and a 

maximum power demand of 150 GW, these investment plans actually indicate a pending 

oversupply in the Japanese power grid (Ogasawara, 2015).  

 

International oil, coal and gas prices have a large impact on the regional utilities and on 

the Japanese economy at large. Low oil prices, commencing in the end of 2014, have eased 

these cost burdens. However, in order to strengthen Japan’s economy and energy 

security, the government aims to decrease the country’s fossil-fuel import-dependency 

through restarting nuclear power plants as base load. (EIA, 2015). The current target for 

2030 is a share of 20-22% nuclear in the country’s power mix. However, in the shift 

between the years 2015 and 2016, there were only two reactors online, i.e. the no.1 and 

no.2 reactors of Kyushu Electric Power in the Kagoshima prefecture. Costs of nuclear 

plant upgrades in order to meet new, tight safety regulations, which are at times higher 

than decommissioning costs, present a hurdle to governmental goals to bring old reactors 

back online. One potential strategy is the construction of new plants where old reactors 

are decommissioned, even despite strong public opposition. (Nikkei Asian Review, 2016 

a). Energy policies also emphasize economically efficient emissions reduction, with key 
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goals including increasing renewable energy, diversifying away from oil in the transport 

sector and developing more efficient thermal generation technologies. These policies are 

involved in broader government strategies to counter a weakening economy.  (EIA, 2015). 

 

2.1.4. Power, Gas & Heat Market Reforms 

 

Following the Great East Japan Earthquake in 2011, there was a form of mindset shift in 

Japan. Renewable energy is increasingly considered vital in the future energy mix, and 

the number of renewable energy projects has increasing rapidly. The government targets 

a renewable energy share of 25-35% of total power generation by 2030, enabled by new 

renewable energy investments of 700 billion USD following 2011. (IGEL, 2011). A 

significant indicator of this mindset change and catalyst of increased shares of renewable 

energy is the FIT system established in 2012 superseding the renewable portfolio 

standards (RPS) scheme and revising the existing purchasing scheme for PV electricity 

(IEA, 2016 a). Through the FIT scheme, renewable energy businesses were provided 

assurance through fixed-price and -period contracts from electric power companies 

(IGEL, 2011). Following the introduction of the FITs, solar power has by far increased the 

most amongst all renewable energy sources, contributing to a rise in renewable energy 

seen in Figure 5. This has resulted in Japan being amongst the world-leaders in 

accumulated solar power capacity, surpassed only by Germany and China. In 2014, for 

Figure 4: Japan power mix developments, 1990-2014 (Yamashita & Nakamura, 2016) 
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example, the installed solar capacity reached 23.3 GW, while Germany and China reached 

levels of 38.2 and 281 GW, respectively. (IEA, 2015). This position is expected to be 

maintained even in 2016 (Mercom, 2016). According to ISEP (2015), in 2014, the power 

mix of Japan was as shown in Figure 5, with a portion of renewable energy of 12.6%, 

including large hydro. The targeted renewable share of 22-24% by 2030 is low compared 

to efforts by many other countries, such as in Europe. As stated by ISEP (2015), with 

current market developments, such as businesses arising with new opportunities created 

by the FITs, the renewable energy share in Japan’s energy mix can be over 30% by 2030. 

  

 

In addition to the FITs, energy market reforms are also likely to contribute to the 

renewable energy market and change the general energy market landscape in Japan. The 

reform includes measures for market revitalization combined with an expansion of cross-

regional power exchange and increased transparency and clarity of grid rules (Fujiki, 

2015), as illustrated in Figure 6. The reform incorporates the retail market deregulation of 

power and gas in 2016 and 2017, respectively, as well as the legal unbundling of power 

transmission and distribution and of gas pipelines in 2020 and 2022, respectively. (Goto, 

2016). These developments, in combination with the deregulation of heat supplier tariffs 

in 2017, may in combination impact the business landscape of renewable energy. 

Following the deregulation, electricity, gas and heat can be sold more liberally and 

Figure 5: Power generation mix in Japan (FY2014) (ISEP, 2015) 
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interchangeably. This will increase supplier flexibility and potentially result in increased 

shares of renewable energy in the power and gas markets as well as the heat market, 

which today relies greatly on fossil fuel-fired boilers and air-conditioning. (Mizutani & 

Ihara, 2016).  

 

With the background of regional monopolies and differing frequencies in the national 

grid, Japan’s market reforms are questionably comparable to the experiences of other 

nations. Presently, the level of technological development is also different in Japan as 

compared to conditions characterizing previous deregulations in Europe, such as higher 

levels of progress in information and communications technology (ICT), which can affect 

how the market reacts to the deregulation and what forms of innovation are spurred by 

the reform. (Asako & Hatta, 2015). The advancements in ICT enable new business models, 

such as the integration of electricity and telecommunications companies for service 

bundle creation for customers. ICT can also enable advancements in smart grid and net-

metering for higher energy efficiency and distributed energy. These conditions along 

with new flexibility across energy supply markets and in contract creation (Mizutani & 

Ihara, 2016) as well as in light of currently ongoing developments of new partnerships 

for service-bundling, such as between energy and telecommunication companies (Asako 

& Hatta, 2015), indicate a dynamic future energy sector. 

 

The deregulation has potential to stimulate more companies to enter the business of 

renewable energy, both solar power as well as other energy sources, such as biomass, 

Figure 6: Main content and expected effects of the energy market reform in Japan (Fujiki, 2015) 
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geothermal heat, hydropower and wind power, which are all also eligible for the 

government’s FITs. The degree of market competition is not yet as high for these energy 

sources as for solar power, and therefore venturing into business based on these sources 

can gain higher levels of interest following the energy market deregulations. New power 

providers account for 10% of Japan’s current electricity supply, and this is expected to 

grow, especially following the deregulation (Nikkei Asian Review, 2016 b). FITs, market 

reform of gas, power and heat, and the introduction of service bundles can increase the 

profitability and competitiveness of different, alternative energy sources. These reforms 

will create many new opportunities in Japan’s energy sector, which are already 

increasingly recognized by many different companies in the country. Deregulation of 

markets tends to lead to higher levels of innovation and accelerated change. This is also 

applicable to the energy sector, in which the fundamental restructuring initiated through 

market liberalization enables radical innovation in electricity supply. This restructuring 

enables overcoming path dependencies and hurdles of innovation and, especially in the 

case of electricity monopolies, enables new market actors and increases the heterogeneity 

of utility strategies. (Markard & Truffler, 2006). In accordance, the market reforms in 

Japan have potential to spur more radical change across energy sectors with regard to 

both technological and service innovation, indicating increased opportunities for new 

energy businesses as well as improved consumer choice in the future Japanese energy 

system. In 2016, it is imperative from the public sector to deliberate upon designing the 

future electricity system, including capacity mechanisms and renewable energy market 

mechanisms to enable investment in the medium to long term (Ogasawara, 2015). 

Development of renewables and the progress of market reforms reflect a dynamic future 

of Japan’s energy system. As follows is this progress in context of biomass, and 

specifically woody biomass.  

2.2. Woody Biomass in Japan 
 

As follows is an overview of biomass and, more specifically, woody biomass in Japan. 

The status of woody biomass depends on energy market developments as well as on the 

forest industry in Japan, indicating a complex and multiple stakeholder supply chain. 

Hence, the forest industry and nature of wood demand in Japan is introduced, as well as 

the biomass supply chain.  

 

2.2.1 Bio-Power & Bio-Heat Development 
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The world’s bio-power production increased by approximately 9% between 2013 and 

2014, with capacity additions led by China, Brazil and Japan and operating generation by 

the USA and Germany. Globally, bio-heat accounted for 12,500 TWh (45 EJ) in 2014 with 

an installed capacity of 305 GWth, a mere increase of 1% from 2013. Europe is the largest 

consumer of bio-heat, mainly in Sweden, Finland, Germany, France and Italy, enabled 

largely by district heating infrastructure. Policies promoting wood fuel have also led to 

an increase in bio-heat, such as through tax benefits in France. With regard to electricity, 

Japan increased its bio-power capacity by more than 0.9 GW between 2013 and 2014, 

majorly through new solid biomass, of which the majority was municipal solid waste 

(MSW) and biogas, which accounted for 6 MW. This led to a total bio-power capacity of 

4.5 GW by the end of 2014. (REN21, 2015). However, there is a lack of focus on biomass 

heat utilization, both in the private sector and in public policy creation. As a result, 

biomass is majorly used for power production with large quantities of waste heat going 

unused. Nonetheless, Japan has the fifth largest biomass market in the world, and 

governmental targets are considerably low when compared to this potential. The target 

is to increase biomass power generation to 32.8 TWh by 2030, incurring a power mix 

biomass share of only around 4%, or 20% of all renewable energy. (JETRO, 2015).  

 

As can be seen in Figure 5, the share of biomass was a mere 1.5% of total power generation 

in 2014, despite the 0.9 GW increase. The Ministry of Economy, Trade and Industry (METI) 

created the FITs in 2012 to encourage the expansion of renewable energy. The FITs for 

biomass are shown in Table 1. The highest FITs are granted to power plants of smaller 

scales (< 2MW) based on domestic wood from forest thinning. (Asako, 2012). This was 

increased from 32 to 40 yen per kWh in 2015, while the remaining tariffs have been 

unchanged since their commencement in 2012. (IEA, 2012). However, the FIT scheme is 

not without complications. With regard to biomass under the FIT system, the certified 

capacity as of October 2015 was 2.7 GW while the actual running capacity was a mere 

0.344 GW or just under 13% of the certified power. Of the running capacity of biomass, 

forest-based biomass accounts for approximately 125 MW (36%). (Kuboyama & 

Yanagida, 2016). It is clear that there is a market distortion with regard to the certified vs. 

running capacity of woody biomass. Moreover, adding to this, a main issue resulting 

from the design of the FIT system is that actors granted FITs tend to continue selling them 

on to other companies, thereby distorting the system and leading to lower levels of 

implementation than the FIT-certified plants would imply. Biomass is nonetheless seen 

by the Japanese government as a valuable driver of diversification in the Japanese energy 

mix, considering that the renewable energy share is highly dominated by solar power. 

Measures are planned to prevent reselling of FITs in the near future. (Izumi et al., 2016).  
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Table 1: FITs for biomass in Japan, as set in 2012 with an alteration of the FITs for power generated with wood from 

forest thinnings (Asako, 2015) 

 

FIT support does indicate economic potential for small-scale, local solutions and 

opportunities of smaller scale woody biomass to revitalize today’s unproductive 

Japanese forest industry and weakening local economies, as stated in the Strategic Energy 

Plan of 2014 (METI, 2014). The power market deregulation is also expected to increase the 

amount of biomass driven power plants in the market, especially larger scales of more 

than 5-7 MW (Kuboyama & Yanagida, 2016). However, even if the current levels of the 

FIT are ensured for a period of 20 years, it is important to analyze the impact on the price 

to be offered to end customers if the FIT would be decreased or abandoned in the future, 

which is a likely possibility, according to Hamasaki (2016). This would likely impact the 

cost competitiveness of provided solutions remarkably. This is a risk to be considered 

when investing time and capital in developing biomass solutions, especially for new 

market entrants. When elaborating upon the potential of woody biomass in Japan, 

however, it is important to also create an understanding of the wood-to-energy pathways 

as well as of country’s forest industry, due to the cross-industrial dependencies in the 

biomass supply chain. These areas are introduced as follows.  

 

2.2.2 Wood to Energy: Conversion Pathways Wood to Power and Heat  

 

In utilizing forest-derived biomass for electricity and heat production, there are a series 

of potential conversion pathways which are important to be considered. Biomass power 

generation technologies depend on the forms of biomass utilized, i.e. to what biofuel the 

resource, such as wood, is converted to (Aguilar, 2014). Biomass, put simply, is defined 

as organic matter which renews over time. Woody biomass, is the “accumulated mass, 

Biomass Biogas 
Wood (from forest thinning) Wood (other 

materials, 

crop waste) 

Waste 

materials 

(non-wood) 

Recycled 

wood 

(construction 

etc.) < 2000 kW > = 2000 kW 

Tariff (per 

kWh) 

39 yen (+ 

tax) 

40 yen  (+ 

tax) 

32  yen (+ 

tax) 
24  yen (+ tax) 

17  yen (+ 

tax) 

13  yen (+ 

tax) 

Procurement 

period 
20 years 
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above and below ground, of the roots, wood, bark and leaves of living and dead woody 

shrubs and trees”, as defined by Hubbard et al. (2007). The U.S. Environmental Protection 

Agency (EPA) refers to “forest-derived” biomass rather than woody biomass in creating 

a broader definition which incorporates both wood derived from the forest as well as 

indirectly through residue from manufacturing processes, construction etc. Woody 

biomass utilization is sometimes defined only as a means of generating electricity or heat. 

It is important to note that woody biomass per say has potential both as feedstock for 

power and heat generation as well as for other manufactured goods or construction, in 

enabling higher value creation. (Shelly, 2011).  

 

The common forms of woody biomass, in the case of direct firing, are solid: charcoal, 

briquettes, firewood, pellets, slabs and woodchips. Whether utilized for power or for heat 

production, or in combined heat and power (CHP), wood is often pre-processed for 1) 

removal of contaminants, 2) moisture content reduction, 3) homogenization and usually 

4) compression in order to increase density and energy conversion efficiency. 

Compression is, for example done in the case of pellets, which have a higher energy 

content than woodchips. (Aguilar, 2014). In the process of creating forest-derived solid 

biomass, such as woodchips or pellets, it is vital to reduce the wood moisture content to 

levels necessary in the power and/or heat generation technology, as stated by many, 

including Yanagida et al. (2015), Kuboyama & Yanagida (2016) and Kamijo et al. (2016). 

The relationship between feedstock prices and the breakeven point of biomass power 

plants under the FIT scheme in Japan is seen in Figure 7, indicating an increased ability 

to pay for feedstock with lower (wet-base) moisture contents. The dispersion of feedstock 

prices on breakeven point for different moisture contents increases with rising power 

plant scales, showing an increased significance of lowering the moisture content of 

biomass, especially a larger scale plants. Nonetheless, for both smaller-scale and large-

scale biomass power plants, managing the moisture content is a key success factor in the 

woody biomass supply chain. 
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In addition to solid biomass, liquid and gaseous fuels can also be produced with wood. 

With regard to these fuels, main conversion processes of solid woody biomass and the 

final products are (NREL, 2012): 

 Thermal gasification: syngas  

 Thermal pyrolysis: bio-liquid 

 Anaerobic digestion: methane-rich gas 

Biomass power generation technologies incorporate direct combustion, such as direct-

fired biomass and co-firing, in a furnace producing steam to drive a steam turbine 

generator. They and can also involve the conversion of solid biomass to synthetic gas or 

bio-liquid which is utilized to generate electricity through a steam turbine, gas turbine or 

internal combustion engine generator. (NREL, 2012). As for biomass power production 

through boiler combustion to drive turbine generator systems, there are two main cycles 

which can be utilized, the Steam Rankine Cycle (SRC) as illustrated in Figure 29 and 

Organic Rankine Cycle (ORC) as illustrated in Figure 30 in Appendix I. 

 

Figure 7: Relationship between biomass feedstock price and breakeven point based on different moisture 

(wet-base) contents of the woody biomass utilized in power plants of different scales (Yanagida et al., 2015). 
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Figure 30 shows a CHP ORC system, from which hot water is generated using heat from 

the condenser. The main difference between SRC and ORC in general is that the working 

fluid of the SRC is steam and of ORC is an organic compound with an ebullition (boiling) 

temperature lower than that of water, in turn enabling electricity production from lower 

heat source temperatures. A regular working fluid in the case of biomass CHP solution 

is the siloxane octamethyltrisiloxane (OMTS). (Quoilin et al., 2013). The SRC utilizes 

water as the working fluid, and is therefore generally less expensive. However, ORC 

allows for more decentralized, smaller-scale renewable energy power production 

considering the more localized and lower temperature attributes of renewable energy, 

such as biomass, as compared to traditional fossil fuels. SRC also has lower efficiencies at 

smaller scale power generation. (Quoilin et al., 2013). This indicates higher potential of 

ORC for small-scale woody biomass CHP solutions.  

 

When considering ORC, however, it is also important to consider the regulations on the 

temperature of the working fluid in Japan, which until recently have been a challenge for 

ORC system expansion. In 2014, METI announced a relaxation of regulations concerning 

ORC systems, which increased the maximum working fluid temperature to 250 from 100 

degrees Celsius before a boiler-turbine specialist is necessitated. (IHI, 2014). Biomass 

gasification for power production using the resulting syngas, as illustrated in Figure 31 

in
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Appendix I, can also be incorporated in more advance power generation systems, such 

as integrated gas combined cycle (IGCC). Biomass gasification combined cycle systems, 

which include both gas engines and steam engines in power production as illustrated in 

Figure 32 in 
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Appendix I, are in demonstration stages, however, while smaller-scale gasification 

systems utilizing internal combustion are expanding in commercialization, mainly in 

Europe. Moreover, gasification for power production in general requires larger scales in 

order to reap efficiency and cost benefits (NREL, 2012).  

 

With an understanding of potential wood-to-energy pathways, the specific forest 

industry developments of Japan are elaborated upon further as follows.  

 

2.2.3 Forest Industry Development   

 

Japan’s land area consists at large of forest, at just under 251,000 km2, of which a majority 

is mountainous terrain.  The dominant tree species are Japanese cypress, Japanese cedar 

and lark in forests owned 60% by small-scale private entities, 30% nationally and 10% by 

prefectures. (Gain & Watanabe, 2014). The costs of wood collection and transportation 

are high in Japan, complicated by its steep mountains and small-scale forest ownership 

structure (Kamijo et al., 2016). In terms of general lumber demands in Japan, the major 

share are traceable to the construction sector as well as the paper and pulp industry. 

However, this demand is also increasing in construction of public buildings as well as for 

the purpose of biomass production. The country’s forest industry is developing and can 

be expected to see further progress. Forest and forest product industry players created a 

common declaration in 2014, in order to strengthen Japan’s forest industry and increase 

the demand of domestic lumber. Japan’s strategies for regional vitalization, established 

in 2014, include forestry as a new, necessary growth sector. (MAFF, 2014).  

 

The Japanese Forestry Agency, under the Ministry of Agriculture, Forestry and Fisheries 

(MAFF) also actively promotes the development of the role of the forest and forest 

product industries as a backbone in rural areas, in creating new opportunities for 

enterprises and local vitalization, including biomass. The Mountain Villages Development 

Act was expanded in 2015 to include measures to develop mountain societies in Japan, 

which also incorporate an abundance of forest. In 2012, MAFF established targets of 

increasing the value of export of Japanese forestry products from 12.3 billion yen to 25 

billion yen between 2012 and 2020. (MAFF, 2014). Hence, it is clear that there are a 

number of developments in forestry, both in the private and public sectors, which have 

potential to stimulate increased productivity in the future. This is also applicable to 
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domestic biomass for power and heat generation, due to the dependency on local forestry 

industry in the supply chain. A market development especially relevant for the potential 

of woody biomass is the decreasing prices of A and B grade lumber, and the increasing 

prices of C grade lumber, used for woody biomass production. As shown in Figure 8, A 

and B grade lumber are derived from the central sections of trees, generally utilized for 

building interiors and exteriors and furniture. C grade lumber is material taken from tops 

and branches as well as the base of trees. These parts were previously not utilized to a 

great extent in Japan, and increasing biomass demands and thereby C grade lumber 

demands can enable the creation of new value from trees through woody biomass 

production. This indicates that it is in present day progressively more profitable to extract 

all parts of the trees from the forest, which is changing the nature of the forest industry 

in Japan. (Tajima et al., 2016). 

 

  

 

 

 

 

 

 

 

2.2.4  Forest Industry Dynamics and Woody Biomass Market 

 

As mentioned earlier, Japan’s land area is 70% forest (World Bank, 2015), while the energy 

system’s incorporation of woody biomass is low, even following the introduction of FITs 

in 2012 (IEEJ, 2014). The potential of woody biomass from the forest in Japan is shown in 

Figure 9 below, showing that there is an abundance of forest resources. Many trees are 

reaching maturity, mainly in forest planted following the Second World War, incurring 

a high quantity of unutilized forest biomass, with annual residues reaching 20 million m3 

(Yanagida, 2015). The forest industry in Japan is unproductive. The cost structure of 

running woody biomass electricity generation in Japan is given in Table 2, with feedstock 

comprising a share of just under 77%. (Yanagida et al., 2015). If the high upstream costs 

in the woody biomass supply chain could be decreased, the total costs of running a 

A & B grade 

C grade 

Figure 8: A, B & C grade sections of trees (adjusted 

from (Yanagida, 2016)) 
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biomass power plant could therefore drastically be lowered. To enable increased 

productivity in the forest industry, increased centralization in management would be 

necessary but is as of yet not carried out to a greater extent. There are, however, forest 

associations that aggregate forest owners and lumber suppliers, which can thereafter 

connect supply with wood demands. (Kamijo et al., 2016). Amongst these associations, 

some are also engaged in more structured approaches to forest management, such as the 

incorporation of geographic information systems in road planning (GIS) (Tadakuma & 

Watanabe, 2016). In the mountainous terrain of Japan, wood collection and transportation 

to the power plant takes on average 15 000 yen per ton. There are government subsidies 

for forest-side, such as for thinning, for overcoming high costs. (Kamijo et al., 2016).      

 

 

Effective forest management is vital both for a productive forest industry as well as for 

sustaining public functions such as national land conservation, watershed, climate 

change mitigation through carbon sinks etc. In this management, the road network in the 

forest area is imperative in order to enable logging, transport and reforestation in 

sustainable forestry. However, in Japan, the forest road network density is low, at 17 

m/ha, commonly attributed to mountainous terrain. Other countries, such as Germany 

DW-t/year (deadweight ton per year), 

intervals shown below (NEDO, 2015):    

Figure 9: Mapping of Japan's biomass potential in terms of forest residue (NEDO, 2015) 
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and Austria, have extensively developed forest road networks, reaching 118 m/ha and 90 

m/ha, respectively. It is important to note that Austria also has a mountainous forest 

terrain, and has nonetheless achieved more productive forestry and extensive road 

networks. MAFF also emphasizes the importance of expanding forestry networks. 

However, there is a lack of common understanding of these networks and how to build 

them. (Son et al., 2014). Ohmasa et al. (2012) also highlight the importance of building 

more efficient transportation networks across hilly district regions in order to take 

advantage of forest floor residues as well as agricultural residue, which are some of the 

most promising domestic resources in Japan and when utilized, can enable 

environmental protection and carbon dioxide emissions reduction. Process and 

technological innovation is important to consider in this context. Ohmasa et al. (2012) 

introduce a hydraulic transportation system concept for wood chips, by means of liquid 

film flow in sloped conduits, while Tajima et al. (2016) introduce a concept of supply 

chain centralization by placing the wood-chipper on trucks for more efficient collection. 

 

 

  

 

 

 

 

 

 

 

 

 

 

With the small-scale, fragmented ownership structure in Japan, however, even though 

there is an availability of more advanced wood collection technologies, this is still not 

cost-effective as the area is too small with high initial costs. (Tadakuma & Watanabe, 

2016). This indicates the importance of associations and collaborations for joint 

investment in increasing the productivity of forest management in Japan. In Finland, for 

 Minimum [%] Maximum [%] 

Feedstock (Fuel) cost 64.0 76.6 

Depreciation cost 8.5 12.6 

Fixed property tax 0.9 1.3 

Labor cost 1.6 5.7 

Maintenance cost 5.0 7.4 

Insurance cost 0.7 1.0 

General administrative cost 0.4 1.4 

Ash disposal cost 0.6 0.8 

Utility cost 2.2 4.6 

Repaymnet for interest on borrowing  2.3 3.4 

Table 2: Breakdown of woody biomass electricity generation costs in Japan (based 

on Yanagida et al., 2015) 
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example, the long-term success of the domestic forest industry is very much attributable 

to the culture of “coopetition”, i.e. the notion of combining competition and cooperation, 

as pointed out by Rusko (2011). This has enabled, for instance, larger investments and 

increased productivity at first in the upstream as well as downstream forest industry 

supply chain. It is noted, however, that the cultural context of the country may play a 

large role in potential pathways for collaboration in the forest industry. (Rusko, 2011).  

 

There is a lot of potential to increase the efficiency and cut costs of harvesting and 

transportation in the Japanese forest industry. Figure 10 shows the potential of woody 

biomass, both with the current harvesting and transportation system as widely used in 

Japan today, and if an improved system as used in many European countries were to be 

introduced. Setting the supply costs to 14 000 yen per ton, as considered appropriate for 

Japanese conditions, results in the distribution of municipalities able to provide more 

than 50 000 tons of woody biomass, with the current transportation and harvesting 

system as shown in the picture to the left and with the improved system to the right. It is 

clear that improved technology would have significant impact on the costs and potential 

in many regions of Japan, particularily in Kyushu in the south and in Tohoku in the 

North-West part of the largest island Honshu. (Kamimura, Kuboyama & Yamamoto, 

2012) One such technology is the tower yarder, used for transportation of logs in 
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mountainous areas, which is commonly used in Europe but currently only being tested 

in Japan (Taki, 2016). Figure 11 shows the concept.  

The Japanese government’s “Biomass town” initiatives, to create locally integrated, 

cyclical systems based on biomass energy utilization and local economy vitalization, are 

an example of collaborative efforts with potential to enable holistic business models and 

joint investment. When it comes to supply of fuel, Yoshida et al. (2014) points out that 

during the evaluation of the Japanese government’s “Biomass town” initiatives, which in 

actuality in many cases were considered failures, one of the main reasons behind these 

failures was considered to be lack of rural infrastructure that made it difficult to collect 

and transport wood from the forest to a centralized location. This was a main weakness 

in the woody biomass supply chain. An inadequate forest road network was also 

considered a common reason for failure. Hence, important factors in for providing a more 

Figure 10: Distribution of municipalities able to supply a minimum of 50 000 tons of woody biomass 

at a maximum supply cost of 14 000 yen per ton, with the current sysem used  for harvesting and 

transportation in Japan to the left and an improved system used in many European countries to the 

right. (Kamimura, Kuboyama & Yamamoto, 2012) 
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cost-competitive supply of fuel is infrastructure and machinery to support the collection 

of wood from mountainous forest areas. Kuboyama and Tanagida (2016) highlight the 

need to activate the forest industry by reducing costs of:  

 

 Timber processing: today processing is more than twice as expensive as the initial 

material cost 

 Logging and distribution 

 Wood chipping 

 Mobile chipping: centralize upstream for increased cost efficiency in transport 

 Lumbering and crushing with machinery vs. manually  

 Higher power machinery: 360 Hp vs. 120 Hp can lead to a higher timber output of 

10 t-dry/h vs. 2t-dry/h 

 Make use of branches and tops in addition to logs, i.e. utilize all parts of the tree.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Tower yarder technology for transportation of logs in mountainous 

terrain. (United States Department of Labor, 2016) 
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The last point, related to utilizing the tree in its entirety rather than just the higher quality 

A grade and B grade logs, is increasingly evident in the market dynamics of Japanese 

forestry. Rising woodchip demands and timber prices has led to it now being feasible to 

collect tops and branches utilized for woody biomass in addition to B and A grade logs 

which have in general been sent to plywood mills and sawmills, respectively. This 

indicates the potential of co-production with conventional forestry, in creating the most 

value from forest in various products. (Kuboyama & Tanagida, 2016).  Facing rising 

woody biomass demands in the country, mill residues have been and continue to be 

utilized more than logging residues, due to their comparative ease of collection and use. 

However, logging residue utilization tend to promote job creation and regional 

economies to a greater extent than mill residues. With this, the Japanese government 

targets to increase the ratio of logging residues for woody biomass to 30% by 2030, as 

compared to 1% in 2009.  

 

In addition to technological and infrastructure-related aspects, establishing longer term 

contracts with forest owners in order to ensure a stable fuel supply for biomass plants is 

often hard, due to the uncertainty of future wood prices and forest conditions. Therefore, 

strong relationships with local forest owners are essential in entering the business of 

small-scale woody biomass for power. The forest owners in Japan are often organized in 

forest associations. Hence collaboration with these associations is important. It is 

sometimes necessary to ensure supply from multiple owners and associations in order to 

acquire a sufficient amount of wood fuel. Forest owners also sometimes lack trust in 

establishing contracts with biomass plants, as biomass is a relatively new source of wood 

demand. This is particularly important if larger investments are required by forest 

owners, for instance in order to enable more efficient collection in meeting demands for 

a stable supply required by biomass plants. (Taki, 2016). Consequently both the 

availability of forest resources and fuel suppliers with whom good relationships exists 

can be established are essential. As stated, the concept of woody biomass from domestic 

forest is relatively new in Japan, and there are at present developments in this context, 

indicating that this market is a growing one.  

 

2.2.5.  Domestic Woody Biomass Development  

 

Domestic forest resources are, despite an array of challenges stated earlier, expected to 

be increasingly utilized in the context of biomass for power generation. New business 

opportunities are being realized by industrial players. (Kuboyama & Yanagida, 2016). 
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The high FITs for power from woody biomass from forest thinning seen in Table 1 

indicates that the government is looking to increase the development of thinning 

processes and thereby increase the productivity of Japanese forestry, which thus far has 

been ineffective in maintenance and value creation, through integration with the energy 

sectors. (Gain & Watanabe, 2014). Today there are few larger scale woody biomass power 

plants. However, following the power market deregulation of 2016, as mentioned, the 

number of larger scale plants (>5-7 MW) is expected to grow. These new power producers 

majorly include industrial actors looking to take advantage of new opportunities for 

revenue through power sales in a liberalized market. (Kuboyama & Yanagida, 2016).  

 

Large power producers are also increasingly venturing into co-firing coal with biomass, 

such as high heat content black pellets, in hedging against risks of potential future carbon 

taxes (Yamashita & Nakamura, 2016). Co-firing of coal with biomass in thermal power 

plants is a significant pathway by which climate change mitigation strategies can be 

formed, energy portfolios diversified and more sustainable energy systems created. Coal 

power plants in Japan, however, majorly utilize imported biomass due to difficulties in 

domestic supply chains. (Ooba et al., 2015). Imported biomass, such as palm kernel shells 

(PKS), is less expensive than domestically produced woody biomass (Hoshi et al., 2016). 

Hence in supplying demands arising from an increase in biomass plants, Japanese 

imports of biomass are expected grow. The country’s wood pellet imports rose from 97 

000 tons to 232 000 tons between 2014 and 2015, an increase of 140%. Main countries from 

which pellets are imported are Canada, China and Vietnam. Pellet quality and reliability 

in long-term contracts are important conditions for Japanese biomass-driven power 

producers, which can be met by Canadian exporters. Hence, 63% of pellet imports were 

from Canada in 2015. (GWMI, 2016). Domestic pellet producers have not seen significant 

progress, due to high prices and insufficient pellet quality as compared to Canadian 

counterparts (Kuboyama & Yanagida, 2016).  

 

The biomass market is growing rapidly in Japan, seen in an increase in power plants 

utilizing woody biomass, including pellets, chips and waste wood, in generating 

electricity and also, increasingly, heat. In 2015, 18 additional dedicated biomass plants 

with a total capacity of 282 MWe became operational. In 2016-2017, an additional 585 MWe 

of biomass generation capacity is expected to come online. (GWMI, 2016). Moreover, 

largely due to the higher FITs, domestic wood can also be expected to be increasingly 

utilized even by larger scale power producers, with the conditions of economic feasibility 

and supply availability (Kuboyama & Yanagida, 2016). As seen in Table 1, power 
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generated using PKS, for instance, can receive 24 yen/kWh as “crop waste” while power 

from woody biomass from forest thinning (>2 MW) is eligible for a higher amount, at 32 

yen/kWh. In turn, these events have high potential to revitalize the Japanese forest 

industry and local economies. The domestic wood pellet market in Japan has yet to take 

off, with a high reliance on imported pellets as discussed. Domestic woodchips, however, 

has potential to expand further in the sector of smaller scale biomass power and heat. 

Regions in Japan are facing rising woodchip demands and increasing prices of lower 

grade wood. Figure 12 shows the trend of woodchip boiler installation in Japan, clearly 

indicating a rise, which is expected to persist. For instance, in the Miyazaki prefecture in 

southern Japan, many new biomass power plants can be seen under development. 

Following this increase in demand for biomass for power generation, all timber is 

extracted from the forest, i.e. not only A and B grade timber but also C grade (tops and 

branches). (Kuboyama & Yanagida, 2016). This shows abilities in cross-sectorial 

integration to vitalize both the forest industry and enable woody biomass expansion for 

increased shares of renewable energy in Japan. In doing so, the coordination of resources 

and stakeholders is complex, and also highly important for success. (Yoshida et al., 2014), 

similar to the indications of Johansen & Røyrvik (2014) of the significance of organizing 

stakeholder synergies and complementary resources in collective energy systems.  

 

 

 

 

 

 

 

 

 

 

 

In the case of woody 

biomass supply chains, and the strong integration this has with the forest industry, it is 

of interest to discuss the concept of sustainable forest management. 

 

0

200

400

600

800

1000

1200

1400

1600

1800

2008 2009 2010 2011 2012 2013

Number of woodchip boilers in 

Japan (2013, > 1 GW total)

Figure 12: Development of woodchip-driven boiler installations in Japan 

between 2008 and 2013 (Kuboyama & Yanagida, 2016) 
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2.3. Sustainable Forest Management  
 

Internationally, sustainable forest management is increasingly seen as a way by which to 

increase the value that can be derived from forests. According to the Programme for the 

Endorsement of Forest Certification (PEFC, 2016), sustainable forest management 

involves environmentally, socially and economically sound management of forests for 

present and future generations. PEFC points out that this is an evolving process, with 

dynamic parameters changing with technology, science and society, as well as contingent 

to local contexts with certain ecological, social, political, cultural and even spiritual 

elements. According to the Food and Agriculture Organization of the United Nations 

(FAO, 2016), sustainable forest management tackles forest degradation and deforestation 

and simultaneously directly creates benefits on the social level, such as in the scope of 

income generation, and on the environmental level, through the maintenance of 

ecological services, such as carbon sequestration and biodiversity conservation. It is 

clearly seen that the notion of sustainable forest management involves a triple-bottom 

line approach, incorporating ecological, economic and social sustainability. Altering one 

factor will in turn impact the others. For instance, degraded forests and bio-diversity loss 

will negatively impact the societal value of the forest. (Gain & Watanabe, 2014).   

 

2.3.1. Stakeholders’ Perceptions of Sustainable Forestry 

 

The importance of understanding different stakeholder’s view on sustainable forest 

management as well as how they perceive tradeoffs and potential synergies between 

using wood for bioenergy purposes in contrast to other products and ecosystem services 

is stressed in a study carried out by Peters et al. (2015). This study is based on interviews 

with different stakeholders across the wood industry, forest owner associations, policy 

makers, nature conservation associations and researchers in five European countries 

(Finland, Germany, Norway, Spain and Slovenia). The study shows that the perceptions 

of trade-offs and synergies in relation to sustainable forest management were similar in 

all countries. Particularly using currently unutilized forest residues for biomass 

production is considered by the stakeholders to have many benefits. The mentioned 

benefits of combining ordinary forest business with wood biomass production include 

(Peters et al., 2015): 
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 Higher harvest levels. The overall benefit created by combining high grade wood 

production and lower grade wood production for biofuel purposes is higher 

harvest levels, which in some levels can rise by 50%. This rise is accredited to the 

higher merchantability of the wood, which in turn will enable more diligent 

tending of the forest for better conditions.   

 Increased employment opportunities in the industry. This is perceived as one of the 

most important benefits in all countries, because of the fact that the increased 

energy wood production employs local residents to a large extent. In many cases, 

this is one of few opportunities to increase economic welfare in rural areas.  

 Opportunities to compensate for declining wood demands in other industries. Energy 

wood can be utilized as a new source of demand, to make up for decreasing 

demands, for instance, in the paper and pulp industry.  

 Additional income channels. This enables better forest management practices by 

covering the costs of unprofitable activities.  

 Positive growth effects. Harvesting young trees will positively affect the growth of 

the remaining trees.  

 

Some potential threats mentioned by the stakeholders were (Peters et al., 2015):  

 

 Competition between material and energy use. The overall concern in all of the 

countries in the study is competition between material and energy wood use, even 

if most actors agree on that the ideal situation is to make use of the two areas 

complimentarily and not competitively. Their view is that material use should be 

the first priority, with wood energy utilization always considered secondarily in 

the end of the value chain. A common opinion by many of the stakeholders is that 

it is preferable to first try to make use of the wood as products, and only use it as 

biofuel when this is not possible.  Only focusing on energy wood production, 

compared to high quality wood is perceived as a bad option by most stakeholders. 

However, it is possible that focus will shift from high quality wood markets 

towards wood energy, especially for small-scale forest owners without economies 

of scale, if high quality wood production gets less profitable. For instance, if a small 

portion of all trees are of particularly good quality, there is still little profit to be 

gained by selling only a few trees for higher quality purposes, while all trees in the 

forest can be utilized for biofuel production for energy conversion, generating 

larger volumes in this category.  
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 Creation of a “biomass bubble”. The dilemma of using more wood that could have 

been used for products for energy purposes is expected to lower the prices of 

higher quality wood due to an upturn in the demand for energy wood.  

 Shorter harvesting rotation periods.  With energy wood production, shorter 

harvesting rotation periods might be needed which, by some actors, is perceived 

negatively with regard to healthy forest management.  

 Risk of changes in forest structure. Due to increased collection of harvest residues, 

changes in the forest structure might occur.  

 Wrong focus of support. Despite increased employment opportunities in rural areas 

being one of the main perceived benefits of increased wood energy production, 

some stakeholders highlight that increased political support for traditional 

material wood production would be preferable over energy wood, since the value 

of material wood is much higher and can create more jobs with the same support.  

 Soil balance effects. Another issue in most of the countries in the study is potential 

negative effects on soil balance and nutrient supplies due to an increased 

extraction of wood, particularly if also removing the stumps from the forest. A 

possible synergy reducing this effect would, however, be to recycle the ash and 

use it to return some crucial nutrients to the soil.  

 Aesthetic effects. Another concern of combing harvest of both wood for energy and 

materials raised by some of the stakeholders was negative aesthetic effects on the 

forests for instance by deeper tracks on the ground from machines and damage 

caused by stump harvesting.  

 

It can be concluded that there are many issues recognized regarding sustainable forestry 

in relation to the introduction woody biomass energy system supply chains. Many of the 

issues as highlighted in the European countries are likely to be present even in Japan. For 

instance, increased employment opportunities due to vitalization of the industry is an 

important factor as discussed in secton 2.5. 

 

In taking advantage of the benefits and managing the threats of woody biomass energy 

systems, it is important to maintain a focus on sustainable forest management in supply 

chain planning. This is elaborated on further in the case of Japan, as follows.  
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2.3.2. Sustainable Forestry in Japan 

 

As discussed, sustainable forest management is increasingly recognized as a means of 

sustaining higher value from forest resources worldwide, rather than solely for 

environmental conservation. The main issues being tackled by Japan in contrast to global 

standards and progress is the uneven forest age structure on mountainous terrain 

alongside fragmented, small-scale forest ownership resulting in a lack of wide-scale 

efforts for efforts such as thinning, which actually is highly promoted by the central 

Japanese government. A lack of an effective forest certification system has also 

contributed to the unproductive forest industry. (Gain & Watanabe, 2014).  

 

In order to develop the productivity of Japan’s forest industry, the national government 

has set high goals for the production of domestic roundwood alongside an expected 

increase in wood demand. The expected dynamics of supply and demand in Japan are 

seen in Figure 13 indicating a rise in demand wood demands and domestic wood 

utilization from 2009, decreasing dependency on imports. (Gain & Watanabe, 2014). With 

these dynamics, and future trends, it is important to consider longer term supply chain 

planning. As emphasized by Keefe et al. (2014), temporal variability is important to be 

considered for sustainable forest management in biomass supply chains. The tree 

lifetime, such as short-rotation woody crops vs. trees with longer maturity times, incur a 

high impact on the form of woody biomass produced.  

 

The contrast of harvest yields and harvest frequency for different plans of biomass supply 

are seen in Figure 14. The short-rotation energy crops have a lower yield but higher yield-

frequency, while forestry products from thinning and especially logging residues incur 

high harvest yields but lower frequencies. In general, for each harvest of logging residue, 

four harvests of short-rotation energy crops and two of forest thinning residue can be 

obtained. This shows an interplay between temporal and spatial variability, important to 

consider in planning woody biomass supply chains integrated with local forestry 

activities. Hence, in long-term supply plans for sustainable forestry, characterizing 

harvest frequencies, yields, biomass types, spatial patterns and transportation networks 

are vital for success.  

 



Success Factors of Woody Biomass Supply Chains in Japan 

   

 

 

Success Factors of Woody Biomass Supply Chains in Japan 57 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Global attention targeting sustainable forest management is rooted in environmental 

protection efforts. Forests are both a main source of income in communities in developing 

nations, as well as a major target of investment and enabler of economic growth in 

developed countries. Forests are also imperative in ecological processes, such as 

hydrological systems, erosion control, bio-diversity management and sociocultural 

dynamics. In meeting these functions, the management style utilized becomes more 

critical to consider. In doing so, community forest management can be vital in achieving 

Figure 13: Wood demand, wood import and domestic wood use 

in Japan (Gain & Watanabe, 2014) 

Figure 14: Harvest yield and frequency for woody biomass based on logging residue, 

thinning and energy crops sources (Keefe et al., 2014) 
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sustainable forestry practices, as it is based on collectiveness and fosters adaptive 

management. In the case of Japan, as the forestry industry is often deeply rooted in norms 

and traditions, effective management necessities institutions that can translate 

community principles to policies and rules. The concept of the “rules of the game”, i.e. 

institutions that act as social constructs that guide society and interaction toward a certain 

goal, is important in promoting sustainable forestry.  While a majority of forest is 

privately owned in Japan, management is coordinated by community institutions, 

covering various aspects from administrative to economic to traditional, i.e. placing 

emphasis on both formal and informal perspectives of forestry. Formal institutions 

involve rules and contracts observable on written documents and from an authoritative 

position, while informal institutions in contrast involve norms, routines and processes 

derived based on imbedded perceptions. (Fabusoro et al., 2014).  

 

 

 

2.3.3. The Role of Forest Institutions: Formal vs. Informal Elements 

 

As the majority of Japanese forest is owned in small scales, by private entities, complex 

multiple stakeholder management is called for in the context of promoting sustainable 

forestry. Gain & Watanabe (2014) argue the difficulty in passing strict national laws for 

sustainable forest management practices, and instead highlight the importance of local-

level efforts, such as accredited certification through independent assessments, 

awareness-spreading and knowledge-building, such as on the principles of thinning. 

With regard to forest thinning, the central government’s promotion is strong, but not 

given with systematic instruments guiding forest care and instead often understood by 

forest owners as merely a tool to increase carbon sinks in reaching Kyoto Protocol 

agreements, rather than vitalize the forest industry. Forest unions can aid in increasing 

awareness, as well as in reducing total forest care and harvesting costs through 

aggregation. These unions can enable larger scale timber markets through an 

accumulation and matching of forest owner supplies and wood demands. Most of these 

organizations, however, are run by private, local actors, small and with limited financial 

capabilites. Local governments are also critical in the picture, to balance public and 

private interests of forestry and to enable support, such as financing or education. In 

achieving sustainable forest management, Gain & Watanabe (2014) suggest that 1) 

cooperative culture, 2) economic incentives and 3) policy consistency are key in enabling 
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private owners. The authors further suggest that when using a forest cooperative model, 

key success factors are:  

 

 Institutional independence, but collective effort 

 Private property, but collective management 

 Forest commercialization efforts, but regulated logging 

 Different stakeholder activities, but a collective goal  

 

While maintaining respect for the rights and values of individual forest owners, through 

collective efforts for sustainable forest management, as previously discussed, woody 

biomass has potential to enable local vitalization to a great extent. There is also high 

potential for innovation in the forestry sector, as well as throughout the woody biomass 

supply chain. This innovation potential is elaborated on as follows in section 2.4., 

followed by prospects of local vitalization in section 2.5.  

2.4. Innovation in Forestry & Woody Biomass 
 

The concept of innovation is widely used and defined across different disciplines, initially 

touched upon by Schumpeter in 1934, describing the term as behaviour of a company 

which can alter not only the firm but also the competitive market in which it acts. 

Innovation can be seen as a result of a creative process, incorporating several players from 

one or more organizations, leading to a new introduction to the market or to the 

operations of a firm. The ability to create value from an invention creates innovation, 

whether related to technology, processes or organizational structure. (Hartmann, 2014). 

Innovation in forest-based industries is based on spatial, sectoral, individual and policy-

related factors. There are also numerous forms of innovation, such as business model, 

institutional and ecosystem service-related innovation. Factors influencing innovation 

processes include technological regimes, multiple actors, policy frameworks and 

institutional structure. As forest-based value chains have several pathways, such as 

timber construction and increasingly utilization as renewable energy, there is high 

innovation potential for forestry. (Weiss et al., 2011).  

 

2.4.1 Innovation for forest industry revitalization  
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The productivity of the forestry in Japan is low, despite high potential and an abundance 

of forest area. As indicated by Weiss et al. (2011), innovation is key in driving economic 

growth and enabling competitiveness. With this, innovation is one of the main keys in 

bringing the forestry sector forward, including in the scope of woody biomass energy 

system supply chains. In this, both technology-oriented innovation as well as process and 

business model innovation are important (Ohmasa et al., 2012). As highlighted by 

Johansen & Røyrvik (2014), innovation in integrated energy systems, such as the woody 

biomass energy system, is strongly linked to stakeholder coordination and enabling the 

intersections between them. Coordination and collaboration enabled by simple data 

connections between parties to for increased connectivity are key success factors in 

supply chains of the 21st century, as highlighted by Hugos (2011). In this coordination, a 

top-down and bottom-up approach and distribution of power is necessary in finding 

synergies amongst stakeholders and leveraging upon them (Loorbach, 2007). Hence, in 

enabling woody biomass energy systems through innovation, a focus on the supply chain 

and coordination therein is of upmost importance.  

 

Moreover, as indicated by Hugos (2011), supply chain innovation is connected to 

business model integration and flexibility across the supply chain, rather than focusing 

on optimizing throughput efficiency, as indicated in traditional supply chain theory. In 

complex supply chains of today affected by global economic movements, such as in 

woody biomass energy systems, it is ineffective for companies to manage themselves in 

isolation. As such, as highlighted by Hugos (2011), “coordination is more powerful than 

control” and the ability to maintain profitability in the long-term depends on abilities to 

manage supply chain networks and develop a good reputation therein. This is in line 

with the necessity of stakeholder coordination for innovation in integrated energy 

systems, as shown by Johansen & Røyrvik (2014). Moreover, abilities to develop as the 

market develops are also imperative, necessitating effective coordination and 

communication across the supply chain. Hugos (2011) also highlights the significance of 

a “mindful approach” in supply chain coordinative efforts, meaning that mindfulness at 

an individual stakeholder level enables openness, attentiveness to change, sensitivity to 

different contexts and understanding of multiple perspectives. Mindfulness hence aids 

in innovation as it opens several angles to tackle a problem and enables adaptivity and 

the creation of new value. (Hugos, 2011).  
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2.4.2 Coordination Across The Supply Chain: Innovation As Well As A Catalyst of 

Innovation 

 

In obtaining mindfulness, and understanding different perspectives, such as forest 

culture in Japan, inter-organizational dynamics and coordination is important. As 

emphasized by Weiss et al. (2011), inter-organizational cooperation is one of the key 

issues involved in innovation management, including the forest sector. Cooperation, 

whether vertical or horizontal, in itself can be seen as a form of organizational or 

governance-related innovation, as well as a catalyst for innovation, such as through cross-

sectoral communication and knowledge-exchange. This coordination, also as indicated 

by Gain & Watanabe (2014), can be enabled through forest insititutions, such as forest 

owner organizations. With collaboration and collaborative knowledge creation, with 

potential to increase the effectiveness of the supply chain as a whole, trust is an important 

factor. This is due to the risk of leaking information to competitors, opportunistic 

behaviour and even competitive intents. Reciprocity in collaboration is important but at 

time lacking due to mentioned actions of opportunism. Joint innovation, at times called 

“co-opetition” incurs a knowledge-sharing dilemma. Awareness amongst stakeholders 

of each entity’s business motives for the collaboration is at times difficult to obtain.  (Nasr 

et al., 2015).  

 

Yeniyurt et al. (2014) similarly highlight that despite a wide array of benefits, co-

innovation can encounter several challenges. For instance, differing anticipations and 

values in collaboration may lead to conflicts of interest. The relationship length and 

frequency of collaboration between upstream and downstream stakeholders affects the 

willingness and abilities to engage in and manage joint activities. Futhermore, Yeniyurt 

et al. (2014) note the lack of literature on both upstream and downstream perspectives in 

co-innovation. Most literature focuses on the downstream, the buyer’s perspective, with 

the supplier indicated to have less power. However, suppliers are a critical ingredient in 

innovation. This shows the importance of considering innovation from a supply chain 

approach, from a multiple stakeholder perspective.  

In this perspective, as highlighted by Yeniyurt et al. (2014), working relations and inter-

dependence affects the attitudes of stakeholders in the supply chain towards co-

innovation and associated behaviour. It is further shown that the involvement of 

suppliers, i.e. upstream supply chain actors, in downstream developments increases the 

performance of the entire supply chain, amongst all parties. In actuality, the upstream 

supply chain benefited the most with by increasing this involvement. Relationship 
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management is hence strongly linked to innovation, or co-innovation. Amongst partners 

in co-innovation, suppliers or the upstream supply chain are a significant source of 

innovation, with which collaborative efforts can lead to a rise in productivity on several 

levels. Product quality, service, new market access, new technology availability and cost 

reductions are all examples of benefits of such efforts. (Yeniyurt et al., 2014).  

 

2.5. Woody Biomass for Local Vitalization   
 

Due to the narrow and long shape in North-South direction, the climate of Japan varies 

greatly from region to region. Hokkaido in the very north, for instance, has a subarctic 

climate while the southern islands of Okinawa have a tropical climate. As for 

appropriateness and availability of biomass resources, the conditions will therefore vary 

greatly amongst different regions and provinces in Japan. Consequently, investigation of 

conditions and design of the most appropriate woody biomass supply chain requires a 

clear regional as well as local focus. (Yagi & Nakata, 2011). However, a local focus is not 

only needed in order to assess opportunities for successful woody biomass supply chains 

based on climate and geographical considerations, but also with regard to opportunities 

for integration with local communities. With many stakeholders and involvement of local 

industrial actors as a challenging aspect, successfully introducing and operating small-

scale biomass systems, in many cases, is more complex than doing so for other 

renewables, such as solar PV (Yanagisawa, 2015). However, if a locally integrated 

business model is established, biomass systems have great potential to contribute to 

vitalization of local economies.  

 

2.5.1. Challenges and benefits 

 

As previously discussed, solar power installations have peaked in Japan in recent years, 

much due to the introduction of a generous FIT system. Two thirds of all non-residential 

solar installations in Japan are located in rural areas (see Figure 15). However, if these 

solar installations actually are benefitting local economies has been questioned, for 

instance by Yanagisawa (2015). The relative ease of installation and operation, with little 

need to establish a foundation involving actors from the local community, is likely to be 

one major reason for the popularity of solar power compared to the very limited amount 

of biomass installations in Japan. 
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The solar industry has taken advantage of rural areas due to the low land prices and the 

fact that few resources and little industry accumulation is needed. Despite being 

considered as a local promotion measure, Yanagisawa (2015) notes that the actual money 

flow to local economies, especially in the case of rural areas, often is very limited with 

regard to non-residential solar PV. The costs for establishing a solar power generation 

business include purchasing, installing, maintaining and managing the plants, land rent 

and fixed property tax. Some costs, such as construction and land rent, generate income 

in the local community in which the plant is installed. However, the equipment, such as 

the panels themselves, are in most cases imported from other regions in Japan or other 

countries. The investors are furthermore often based outside the region, which results in 

the profits of electricity sales not staying and benefitting the local economy. (Yanagisawa, 

2015)  

 

In contrast to solar PV, integration of biomass in local areas is essential in order to ensure 

both stable demand and supply (Hisashi et al., 2016). Establishment of new biomass 

operations in an area, including fuel supply and power/heat generation, will enhance the 

competitiveness of local industry, such as the forest industry, and introduce new 

businesses, for instance pellet manufacturing (Yagi & Nakata, 2011). This can also benefit 

other existing and new businesses, directly through access to a local stable power and 

heat supply (as further discussed in section 2.6.) but also due to spin-off effects, such as 

more local citizens staying in the area due to new employment opportunities in the 

Figure 15: Regional classification and non-residential solar PV power generation capacity (as approved by 

2014). (Yanagisawa, 2015) 
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directly involved industries. There is a possibility to also attract a labor force from other 

areas. New employment opportunities and other benefits for local communities are 

gaining more attention from policy-makers looking to revitalize rural areas struggling 

with decreasing and aging populations. Japan has the largest proportion of citizens above 

65 years old in the world, at 26% (World Bank, 2016 c), as well as the lowest birth rate, at 

8 births per year per 1000 people (World Bank, 2016 a). This is considered as a major 

problem for the Japanese economy in general, resulting in fewer workers and a larger 

number of dependents, likely to lead to slower economic growth (Swanson, 2015). As 

highlighted by Hara (2014), the depopulation problem is especially apparent in smaller 

rural communities, in contrast to larger metropolitan areas. In Japan, being one of the 

most urbanized countires in the world with strong urban growth, especially concentrated 

to Tokyo, vitalizing rural communities has been shown to be challenging.  

 

In the face of economic challenges, both for the economy in general and for rural areas in 

particular, the potential of establishing rural-urban parterships is highlighted by Tsuda, 

et al. (2014). As illustrated in Figure 16, the concept of rural-urban partneships refers to a 

creation of equal relationships between rural and urban areas, by maintaining as well as 

developing ecosystem services in rural areas, not only for local use but also in order to 

decrease the fossil fuel dependency in urban areas. It is noted how urban areas can serve 

as an economic base and provide the additional human resources needed, while rural 

areas promote biomass resources, creating a cyclical flow of resources. In this aspect, it is 

highlighted that biomass has a unique position to promote socio-economic activity in the 

economy as a whole. (Tsuda et al., 2014) 
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Consequently, biomass not only has the potential to be an effective tool to reduce 

greenhouse gas emissions, but can also be an important measure for vitalization of local 

communities providing a stable energy supply, hedged from blackouts resulting from 

electricity shortages in the national grid attributable to events such as natural disasters, 

which for instance was the case during the Great East Japan Earthquake in 2011. Biomass 

can also possibly lower prices of heat and electricity in the communities. New business 

opportunities for supply of wood, fuel and energy is also likely to revitalize existing 

industries and create new ones, benefiting the local economy and creating employment 

opportunities in rural areas. However, the necessity of integration with local actors also 

creates challenges, especially in rural areas, in which an actor should take the initial 

initiative and make commencing investments, discussed in the next section. 

2.5.2. The “Chicken and Egg Problem” of Demand and Supply 

 

As mentioned, local integration is essential in order to ensure both stable supply and 

demand in bioenergy systems. However, one challenging aspect when setting up a 

supply chain integrating the fuel supply and the demand of the final customer, on a local 

level, is which one of these components should be ensured first. This is noted by Nagano 

et al. (2011) as a “chicken and egg problem”. Biomass fuel producers are unwilling to take 

risks of investing in pellet manufacturing plants without knowing that a specific amount 

of demand is secured. On the other hand, customers are not willing to invest in biomass 

heating appliances if they are not convinced that a stable supply of woody biomass fuel 

Figure 16: Concept of rural-urban partnership. (Tsuda et al., 2014) 
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is ensured. This dilemma is, according to Nagano et al. (2011), a considerable barrier 

preventing market growth of wood pellet heating in Japan, despite extensive government 

subsidies for the construction of fuel manufacturing plants. The existing plants are 

suffering from financial difficulties, since neither a stable supply of raw material nor the 

required demand has been realized. A lacking parameter is therefore government 

support not only for construction of the fuel manufacturing plants but also for market 

development, for instance, regarding standards of fuel and information-spreading 

programs for customers and other stakeholders.  

 

Nagano et al. (2011) furthermore points out that it is crucial for businesses in rural areas 

to start with market creation. In urban areas, it is possible to start up a business alone 

because the number of potential collaborators is often vast, which is usually not the case 

in less populated areas. In order to secure the required supply and demand for a biomass 

business, initial market creation is therefore essential. Supply (chicken) and demand (egg) 

must be established at the same time, with a clear involvement from local industry. A 

shared vision, coordination and mutual cooperation between stakeholders are also 

required in order to drive these two aspects at the same time.  

 

2.5.3. Biomass Towns and Local Governments 

 

In enabling the vitalization of local forest industries and communities as well as the 

expansion of woody biomass in the energy system, support from local governments, both 

when it comes to financial support and coordination of local resources and stakeholders 

is very important, as highlighted in the case of the Japanese government’s “Biomass 

town” initiative, as introduced in section 2.2.4 (Yoshida et al., 2014). Furthermore, the 

involvement and ambition of local governments in the success of small-scale biomass 

plants, is also emphasized by Hisashi et al. (2016), Taki (2016) and Yoshiyasu (2016). One 

example of the great importance the local government can play in determining the 

feasibility of biomass operations is illustrated in Figure 17. It displays the costs 

influencing the final price of wood residues for one specific case in Japan (note: these are 

actual costs for this case but the costs will vary depending on location). Comparing the 

final costs of the fuel (10 000 yen/ton) to the government subsidy of 8 000 yen for 

collection of the wood residue clearly shows the impact that local governments can have 

in making woody biomass economically feasible in the forest industry.  
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In the Strategic Energy Plan from 2014, biomass is furthermore given as a growth industry 

deeply rooted in local societies. Therefore, in the plan it is also stated that local 

governments in each prefecture have high levels of responsibility for taking initiatives 

for “local vitalization”. Local agencies encourage collaboration with local forest 

industries, in order to promote both biomass and other forest products, such as furniture 

and construction material. According to the Act for Promotion of Power Generation of 

Renewable Energy Electricity to take Harmony with Sound Development Agriculture, Forestry 

and Fishery Villages, the utilization of forest in a circular economy is encouraged. In the 

Strategic Energy Plan, the importance of producing both power and heat from biomass is 

highlighted, based on economic efficiency and local conditions in the region at hand. 

(METI, 2014). However, concrete policies or FITs targeted at the promotion of heat from 

renewable energy resources are yet to be developed. Biomass for heat is elaborated on 

further, as follows.  

 

2.6. Biomass for Heat in Japan  
 

Real collection cost for forest residue 

 (eg. 12 000 yen/ton) 

2. Transport cost for raw 

lumber 

Subsidy for 

collection cost 

(eg. 8 000 

yen/ton) 

1. Subsidized 

collection cost             

(eg. 4 000 yen/ton) 

3. Chipping cost 

 (eg. 2 500 yen/ton) 

4. Receiving cost at power generation plant (eg. 10 000 yen/ton) 

Figure 17: Structure of the raw material costs for wood residue. Costs represents an example of the costs of an 

implemented project in Japan, but depending on local conditions these will vary from project to project. (Yoshiyasu, 

2016) 
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Utilizing the waste heat in biomass power solutions can greatly increase the overall 

system efficiency and generate increased revenue flows. This is important for smaller 

scale power plants, which are generally less efficient in terms of energy conversion. Also 

combined heat and power solutions can be integrated with local energy demands for 

community vitalization, as discussed in the previous section. As follows, biomass for heat 

in the context of Japan is elaborated on further, including incentives to expand biomass 

heat use, distribution infrastructure, storage prospects and potential heat end-demands. 

 

2.6.1. Incentives for Utilizing Biomass Heat 

 

For power producers, as well as other waste-heat generating industries, increased 

efficiency is a main incentive for establishing channels to which waste heat can be 

supplied. Making use of waste heat is particularly important for small-scale power plants, 

which are less efficient, as seen in Figure 18. For small-scale co-generation plants, it is 

possible to achieve a system efficiency of up to 80-90% (Beith, 2011), compared to the 

usual level of well below 40% in the case of biomass electricity production only, using the 

same amount of fuel (Beith, 2011), as illustrated in Figure 19. Depending on the 

thechnology used this will result in fuel savings of 10-40% (Wittmann & Yildiz, 2013). By 

establishing channels for selling the heat, electricity producers can gain an extra source 

of income compared to only incorporating electricity in the energy business model.  
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According to IEA (2012), the economics of co-generating biomass plants are often 

optimized when operated according to the heat demand. This is also in accordance with 

Quoilin et al. (2013) and Mochidzuki (2016).  For smaller-scale, decentralized energy 

systems, producing only electricity is not competitive and economically feasible. Hence, 

CHP solutions is necessary in order to ensure profitability and achieve higher energy 

conversion efficiencies, with plants in fact usually driven by heat rather than electricity 

demands. (Quoilin et al., 2013). In addition, Mochidzuki (2016) indicates that, in the case 

of Japan, a CHP system or biomass power system from which waste heat is utilized 

should be dimensioned based on local heat demands. This is because electricity can be 

sold to the grid while there is no established heat infrastructure or market in Japan.  A 

main challenge is the lack of ability to transport heat over longer distances. In the absence 

of a district heating network, biomass-driven CHP plants are usually limited to supplying 

6-10 MW of thermal power, which usually corresponds to 1-2 MW of electricity. 

Considering the lower efficiencies and cost-effectiveness attainable with regular steam 

cycles in this power range, ORC systems are a preferable option for smaller scale biomass 

CHP plants. (Quoilin et al., 2013).  A simplified illustration of biomass CHP ORC is seen 

in Figure 29 in Appendix I. Utilization of heat produced when generating electricity is 

likely to be a key factor determining the competitiveness of operations. However, as 

mentioned there is no focus from the government of Japan on developing the country’s 

heat market, in promoting renewable energy for heat production or on expanding co-

generation efforts (Izumi et al., 2016).  

 

Figure 19: Example of increased efficiency of co-

generation (Zafar, 2015) 

Figure 19: Power generation efficiency of biomass power plant 

(forest residue) (Yanagida et al., 2015) 
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Experiences in several OECD countries, such as Sweden and Poland, show that the 

government can enable biomass utilization for power and heat in several ways. These 

experiences, according to OECD (2011), indicate that pre-requisites for the development 

of a biomass CHP market can be generalized to:  

 Biomass demand: alternative energy growth, financial incentives for biomass 

utilization, etc.  

 Heat supply: easily accessible distribution infrastructure (district heating, 

industrial heating, etc.) 

 Value chain sustainability: organization and regulation of the entire value chain. 

For instance, the creation of a market for agricultural or forestry residues, setting 

up organizations for biomass producers, organizations for equipment 

manufacturers, awareness-spreading etc.  

 

In the context of Japan, even though heat utilization in smaller scale biomass energy 

systems could aid in increasing energy conversion efficiencies, there is today a very low 

level of biomass cogeneration. Power producers steer decision-making on business 

models based on the availability of FITs, available only for power and not heat from 

renewable energy sources. However, the wood collection and electricity plant running 

costs of biomass power visible across the supply chain are very high as compared to other 

renewable energies under the FIT scheme, such as solar or wind, for which facility costs 

are 80-90% of total costs. Hence, by utilizing and selling biomass heat in addition to 

power retail, the higher running costs of biomass energy businesses could be managed. 

(Hoshi et al., 2016). There is much room for improvement for biomass for heat in Japan. 

 

2.6.2 Current Biomass for Heat in Japan 

 

In Japan, there are as of yet few examples of biomass heat utilization. Two examples 

showing successful business models for biomass cogeneration are 1) Tohsen Company in 

Tochigi and 2) Shimokawa Town in Hokkaido. Tohsen Company in Tochigi, Japan (Taki, 

2016), utilizes woody biomass both for power and heat. The waste heat from the biomass-

driven power plants is utilized to supply local agricultural heat demands and also in the 

drying process of the wood fuel. This shows a clear integration of stable local heat 

demands in the biomass business model. The ash from the biomass plant is also utilized 

as fertilizer and for soil improvement, showing business model integration and 
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cyclicality. Another example, as pointed out by Mizutani & Ihara (2016), is the case of 

Shimokawa Town, in Hokkaido, building a biomass cogeneration plant (60% biomass, 

40% oil) in one of its suburbs, in order to consume and sell power and heat supplied 

through heat conduits, i.e. a district-heating network. This project, upon completion, is 

expected to generate 100 new jobs and an annual revenue of 2.8 billion yen. The 

robustness of biomass in Shimokawa Town is attributable to integration with local 

industry, encouragement of more efficient forest management practices through a 

deforestation cycle (tree cutting and replanting) and the involvement of local industry in 

developing heat utilization strategies. (Kasuga, 2015). A schematic view of the 

Shimokawa Town concept is seen in Figure 33 in Appendix II. (Anzai, 2008). 

 

In cases indicating higher levels of success and business model robustness of woody 

biomass for power and heat in Japan, such as the examples in Tochigi and Shimokawa 

Town, a main pre-requisite for the heat utilization from biomass in cogeneration efforts 

seems to be the involvement of local governments as a supply chain management body 

and high levels of local industry integration, stakeholder management, the development 

of a heat distribution network and identification of local heat demands. This is also in line 

with indications from Mizutani & Ihara (2016), Tetsunari (2016), Mochidzuki (2016) and 

Hisashi et al. (2016). 

 

Heating from biomass, either through cogeneration or through the utilization of waste 

heat from biomass power plants, can be supplied to end-demands through a district-

heating conduits with hot water, or through co-location with direct industrial heating. 

Considering the lack of district heating infrastructure in Japan today, industrial heating 

is a main opportunity for biomass heat utilization. (Clark Energy, 2016). Quoilin et al. 

(2013) highlight the importance of utilizing heat as a by-product of biomass ORC systems, 

integrated with local heat demand. The authors indicate the potential of industrial 

heating and co-location, such as for wood-drying, if there is no district-heating network 

to which the heat can be sold. This involves providing heat to local industry for drying 

or steam process purposes. Here the heat medium, similar to district-heating, is steam 

and hot water from the waste heat or CHP cycle. Examples of industrial heating demands 

include (Clark Energy, 2016): 

  

 Agrochemicals 

 Bricks manufacturers 

 Breweries 

 Ceramics 
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 Construction 

 Dairies 

 Dyes & chemicals 

 Engineering 

 Food processing 

 Glass 

 Mining 

 Oil & gas 

 Packaging 

 Paper 

 Pharmaceuticals 

 Rubber 

 Steel 

 Textiles 

 

A key challenge for biomass heat in Japan is that the heating grid infrastructure is 

extremely limited, its construction very expensive and its implementation faced by 

complex regulatory structures (Mizutani & Ihara, 2016). Hence, the potential for 

residential heat channels through district heating for small-scale biomass heat is likely to 

be limited. On-site generation might therefore be a viable option. As pointed out by 

Yashiyasu (2016), Hoshi et al. (2016) and Taki (2016) it is crucial to establish relationships 

with local industry in order to directly supply heat to industrial or commercial processes 

with relatively stable heat demands, such as greenhouses, agricultural processes, hot 

spring resorts or other examples of industrial heating mentioned previously.  

 

It is important to be noted that the price of heating offered to the end users, whether 

industrial or residential customers, is important to be kept at lower levels in order to 

retain competitiveness in the Japanese heating market. This is especially the case 

considering the currently low price of oil and other fossil fuels which are conventionally 

used for heat generation in Japan today. (Mochidzuki, 2016). The currently low cost of oil 

products is in this aspect a substantial challenge. The price of domestic heating oil has, as 

seen in Figure 20, has fallen in Japan, as well as in Europe and North America, during 

previous years. In Japan, the price in January 2016 was about half of the price in January 

2013, at just above 0.5 USD/liter. (IEA, 2016 b) 
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A main advantage of biomass for heat, however, is the reduction in vulnerability to future 

fluctuations in oil and electricity prices. The willingness to pay (WTP) for electricity from 

renewables is furthermore often slightly higher than the WTP for electricity generated 

from fossil fuels or nuclear power. This is for instance highlighted by Murakami et al. 

(2015) with regard to households in Japan. However, it may be difficult for businesses 

and industries to motivate the added cost of adopting biomass in the midst of today’s 

low prices, if other advantages are not strong enough as incentives.  

 

2.6.3 Prospects of Heat Storage 

 

Considering biomass, the advantage compared to other renewable energy sources, such 

as wind and solar, is that the fuel itself can be stored, and stable generation can be assured 

as long as a supply of fuel of sufficient quality is attainable. Heat (and electricity) 

generation can therefore be adjusted following changes in demand, even if there of course 

are some restrictions regarding suitable levels of generation of the plant, regarding 

economics, technology life expectancy and startup time. Furthermore it is not possible to 

immediately adjust to short-term demand fluctuations. Due to transient start-up effects, 

Figure 20: Price of domestic heating oil in Japan, Europe (including 

France, Germany, Italy, Spain and the United Kingdom) and North 

America (including USA and Canada). (IEA, 2016 b) 
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a CHP plant will produce less heat following startup after having been turned off, 

compared to heat generated while being continuously operated for several hours 

(Haeseldonckx, 2008). In the case of CHP plants, it is also possible that the demand for 

heat and electricity is not synchronized. For instance it might be highly profitable to more 

fully utilize power capacity during peak hours of electricity demand (with higher 

electricity prices), even if the demand for heat is not as high at that time, and store 

produced heat to be used to cover later, higher demands. The advantages of this in 

relation to small-scale CHP plants are further discussed by Barbieri et al. (2012). Hence 

the potential of integrating heat storage in CHP systems is of interest to be investigated 

further.  

 

Wood-fired CHP plants often do not reach expected performance levels due to non-

optimal design of operational strategies. Consequently, it is of great importance to 

analyze both the demand side and supply side of the CHP system, including boilers and 

thermal storage systems, since this increases the potential of finding the optimal design, 

which significantly can enhance the overall efficiency of the system. By limiting the time 

during which the plant operates at lower portions of the installed capacity, using suitable 

operational and control strategies, it is also possible to reduce the emissions of pollutants 

from wood-fired combustion, mostly with regard to particulate matters and nitrogen 

dioxide. (Noussan et al., 2014). If the CHP plant is dimensioned to follow the heat load, 

with the maximum capacity generated during peak heat demand hours, the operational 

behavior will be similar to that of conventional boiler systems. This requires the heat 

generation output to be changed frequently, ramping up or down or being switched on 

or off, which is likely to decrease both the life expectancy of the system and potential 

energy savings. Using thermal storage can moderate these negative effects of following 

the thermal load, by operating the plant more continuously. This extends the system life 

expectancy, enables energy conservation and reduces emissions.  (Haeseldonckx, 2008). 

Figure 21 illustrates the impact of including thermal storage in a CHP system. Additional 

boilers are included, and together with the storage function it is possible to follow 

demands while providing constant output from the CHP plant, in turn enabling 

operation at optimal efficiencies. 
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There are different options for thermal energy storage (TES). With details shown in Table 

3, the three main categories are (IRENA, 2013): 

 Sensible heat storage: storage by heating or cooling of a liquid or solid medium, 

such as water, sand, molten salts or rocks 

 Latent heat storage: storage with phase changes materials (PCM) 

 Thermo-chemical storage (TCS): storage and release of thermal energy through 

chemical reactions 

  

Table 3: Characteristics of the 3 main categories for thermal storage. (IRENA, 2013) 

 

Sensible heat storage is the most inexpensive option, and also the most widely 

commercially available, while PCM and TCS are still in the development and 

demonstration phases. The storage medium for sensible heat storage, water is often kept 

TES System 
Capacity 

(kWh/t) 
Power (MW) Efficiency (%) 

Storage Period 

(hours, days, 

months) 

Cost (€/kWh) 

Sensible (hot 

water) 
10-50 0.001-10 50-90 d/m 0.1-10 

PCM 50-150 0.001-1 75-90 h/m 10-50 

TCS 120-250 0.01-1 75-100 h/d 8-100 

Figure  21: Example of simulated load during 3 days for a CHP unit 

of 800 kW coupled to a HSS (Heat Storage System) of 325 m3 

(Noussan et al., 2014). 
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in insulated storage tanks as it is the most common and inexpensive option. This kind of 

water-based storage system has been introduced in many residential and commercial 

applications. Another form of sensible heat storage is underground storage, for which 

liquids or solid media are used, which is mainly applicable for large-scale purposes. The 

disadvantage of sensible heat storage, however, is that it requires large volumes, due to 

low energy densities compared to PCM and TCS. There are also a number of innovative 

projects in the thermal storage field, currently in the process of commercialization. One 

example is the integration of storage into building walls, in the realm of new materials 

and solutions. (IRENA, 2013)  

 

In additional to thermal storage, there are different tools that can be used to optimize the 

operations of CHP systems. In the case of residential applications, there are different 

configurations used to regulate the operations. The system can be (Barbieri et al., 2012):  

 Time-led: where it is determined beforehand how much space and water heating is 

to be supplied during different hours 

 Heat-led: operating according to differences between outdoor and indoor 

temperatures 

 Electricity-led: operating according to the electricity demand  

 Hybrid control configurations also exist to meet different requirements. 

 

While effective control of electricity and heat supplies are vital for effective woody 

biomass energy system suppl chinas, it is of great importance to adopt an overview of 

the chain in order to identify synergies, opportunities and challenges.  

 

2.7. Supply Chains of Integrated Energy Systems  
 

As follows, the supply chain of woody biomass energy systems is elaborated on as a 

socio-technical system, in which it is important to find synergies of stakeholders across 

the chain. Theory incorporating logistics, process innovation, information-sharing for 

transparency, managing different perceptions in the supply chain, the bullwhip effect 

and inter-organizational theory in enabling a holistic, integrated approach in 

understanding the supply chain is investigated. The importance of a supply chain 
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approach in bioenergy systems is also elaborated upon, in the context of Japan as well as 

through international examples.  

 

2.7.1. Collective Energy Systems as Socio-Technicalsystems 

 

Integrating energy flows of different businesses, such as wood and biomass production 

with different forms of heat and electricity demand, majorly concerns, according to 

Johansen & Røyrvik (2014), finding synergies amongst stakeholders in regional clusters. 

This form of integration requires seeing the energy system as a sociotechnical system, and 

integrating the energy flows of various companies therein in order to increase the overall 

energy efficiency and cost-effectiveness of the system. Energy systems in general are 

complex systems affected not only by energy-related or technological elements but also 

by implicit social relations and dynamics of interaction. There are many new 

opportunities today with technological advancements and resulting cost reductions. 

However, these developments also need to leverage on stakeholder management and 

social capital in enabling long-term transitioning of socio-technical systems.  

 

This need to consider both technological and social aspects can be illustrated with a study 

on integrated energy flows given by Johansen & Røyrvik (2014). In this case study, the 

waste heat and carbon dioxide from a dairy is utilized in a local greenhouse, which 

thereafter completely relies on the dairy for its heating. By utilizing energy resources and 

by-products within the cluster through demand and synergy identification, the cluster 

could be made more energy-efficient and as an effect, the entire region more 

sustainability-conscious. Here the rationale of energy efficiency in the innovation process 

is based on the concept that energy flows, such as surplus heat, can be utilized by 

identifying and taking advantage of synergies within a cluster, or local area. The potential 

for innovation is directly connected to the organization and management of stakeholders 

and intersections between them, in order to utilize complementary energy resources in 

establishing and maintaining an efficient supply chain for a collective energy system. 

(Johansen & Røyrvik, 2014). Hence, the creation of an integrated energy system should 

be viewed as an innovation process rather than a process of technological 

implementation, with a focus on stakeholders in socio-technical systems and the 

associated supply chain in which they act. The view of energy systems as socio-technical 

systems is elaborated on as follows.  
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2.7.2. Socio-technical energy systems 

 

Energy system infrastructure is tightly integrated with society, and can therefore be 

referred to as a socio-technical system. By doing so, the interactions between the social 

and technical system aspects can be taken into account, thereby creating a better 

understanding of reality, including inherent system challenges. (BSI, 2015). The concept 

of socio-technical systems can be dated back as early as the 1980s, in literature aiming to 

analyze the development of infrastructure. This concept has been used to discuss 

electricity systems, considering not only technology but also politics, geography and 

stakeholders which shape the pathway of the system. A central focus is the interaction 

and coevolution of smaller technical systems in a mutual environment. Social, political 

and cultural differences create and interplay of technological and social norms somewhat 

locked in through institutionalization and the development of technological bias. The 

socio-technical system approach thereby argues that many infrastructural sectors, such 

as mobility, water and energy, are in a lock-in in unsustainable development due to path-

dependency and exposure to incremental rather than radical change, at large as a result 

of the institutionalization and technological bias stated. Research on socio-technical 

system transitioning investigates structural change for long term sustainability, in capital 

intensive systems, including energy systems. Bolton & Foxon (2015) highlight the 

importance of frameworks able to manage transitioning in an energy governance model 

both in the perspective of short-term efficiency, such as market operation, as well as long-

term resilience and adaptiveness in uncertainty management in low-carbon energy 

development. Economic theory has significantly influenced energy governance, and 

played an important role in energy market creation and management. However, solely 

basing energy governance on technology or economics provides a weak base upon which 

low-carbon investments can be made in the necessary time-scale. Socio-technical shifts, 

such as privatization and market liberalization, such as the case of energy market reform 

in Japan, create new scope for academic discourse to contribute to development, such as 

in the realm of policy development. (Bolton & Foxon, 2015).  

 

There are new needs for policy structure reform, with changing socio-technical 

conditions. Rather than focusing on short-term, specific intervention in energy systems, 

such as oriented around specific power generation technologies, Bolton & Foxon (2015) 

highlight the significance of taking a systems approach. Reconsidering approaches taken 

in technology policy should involve reconceptualizing key problems and concerns. In 

addition to technology and structure, comprehension of social dynamics and different 
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worldviews amongst stakeholders in technical change and the non-linear forces pushing 

innovation processes forward is important in identifying pathways in moving forward. 

The need to analyze social dynamics in energy systems as socio-technical systems is also 

in line with Johansen & Røyrvik (2014) and Loorbach (2007). Loorbach (2007) emphasizes 

the need of strong, centralized leadership and a top-down approach in driving change in 

large socio-technical systems, on higher levels, through information aggregation and 

coordination of energy and material flows, as well as policy action. However, citizen-

driven innovation and co-creation processes are also of high significance. A key success 

factor is achieving a balance between the top-down approach, such as policy-driven 

change, and the bottom-up approach, such as community or individual entrepreneurial 

efforts, in managing transitioning of sociotechnical systems, such as local energy systems, 

through new modes of governance. In doings so, synergies amongst different players can 

be leveraged upon and coordinated. (Loorbach, 2007). Integrating top-down forces, such 

as financial incentives and policies, with stakeholders from the bottom-up is similarly 

also important in organizing synergies for the success of integrated energy systems, as 

discussed by Johansen & Røyrvik (2014).  

 

2.7.3. Woody Biomass Logistics  

 

According to Keefe (2014), woody biomass energy systems are often highly dependent 

on logistics, considering tendencies towards high costs of harvesting, collection, 

processing, storage and transportation. It is usual that the combined supply chain costs 

as described will significantly exceed the delivered resource value. Hence, it is critical for 

the economic success of woody biomass energy projects for the supply chain to be 

optimized and managed, best accomplished during planning phases, during which the 

geographic distribution as well as feedstock flexibility can be considered and 

incorporated into the supply chain. This is similar to the initial activities of a potential 

organizing body as described by Johansen & Røyrvik (2014) in the context of collective 

energy system planning, i.e. finding and analyzing synergies for which costs and benefits 

are balanced. Well-located woody biomass resources can aid in bringing down 

transportation costs while feedstock flexibility, such as with regard to moisture content, 

ash content, form and size, can hedge supply risk through diversification. Moreover, 

investment considerations of the processing, storing and drying of wood are important 

to consider when planning the woody biomass supply chain. (Keefe, 2014). Thess 

considerations show the importance of supply chain design for long-term success. 

Aguilar (2014) further highlights that both developing the supply chain design and 
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expanding forestry skills can contribute to woody biomass success. For instance, by 

introducing centralized chipping earlier on upstream, the overall supply chain efficiency 

can be increased as the woody biomass can be transported more compactly, as opposed 

to transporting larger wood pieces. Keefe et al. (2014) further point out the importance of 

preprocessing upstream in the supply chain, due to its impact on supply chain efficiency. 

Transportation costs depend on the energy and mass density of the biomass material, and 

reduction of the biomass particle size, ash content and moisture content. If this is done 

earlier on, upstream in the supply chain near the point of harvest, there is potential of a 

high impact on transportation efficiency improvement as more densely packed, compact 

biomass contains higher energy contents per unit volume or mass.  

 

In addition to the efficiency aspect in logistics, there are numerous factors that affect the 

availability of wood as raw material. Aguilar (2014) points out the lack of literature 

concerning the social complexities of wood, utilizing the term “social availability”. This 

availability incorporates both physical raw material as well as harvesting constraints, 

competition on the wood market as well as the objectives of forest owners.  Aguilar (2014) 

states that characteristic challenges of woody biomass are often social in nature, involving 

different world views, past experiences and value systems connected to woody biomass. 

The perceptions, experiences and objectives of stakeholders in the woody biomass supply 

chain is hence of great interest in investigating woody biomass supply chain success 

factors. This is similar to implications from by Keefe (2014), indicating that the woody 

biomass supply chain varies depending on the structure of land ownership and 

management objectives, for example seen in the the contrast of state-owned, large-scale 

forest and privately owned forest by small-scale actors. In addition, the tree species, 

harvesting systems and which parts of the trees are being harvested affects the 

availability, volume and quality of biomass. Woody biomass supply chains also rely 

heavily on wood contract quality specifications, such as the necessary low moisture and 

ash content requiremenets for pellets or briquettes, which need to be less than 12% and 

less than 1%, respectively. The end demands and final energy conversion process in the 

woody biomass supply chain thus very much influence the nature of the supply chain 

and requirements amongst upstream stakeholders, including (Keefe, 2014):  

 

 Raw material traits 

 Preprocessing steps involved to meet biomass quality requirements 

 Cost-effectiveness of different transportation routes 
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 Procurement area necessitated  

 

Considering the “social availability” as well dependencies of upstream activities on 

downstream specifications, it is imperative to manage transparency and effective 

information-sharing across the supply chain.  

 

2.7.4. Information Sharing in Woody Biomass Supply Chain 

 

According to Trapero et al. (2012), one of the main challenges in supply chain 

management is the bullwhip effect, which leads to issues such as an excess of inventory 

or poor downstream planning. Lee et al. (1997) originally describe the bullwhip effect as 

occurring when demand order variabilities are amplified upstream in the supply chain, 

leading to distorted information and huge inefficiencies when propagating upstream in 

the supply chain. This is the bullwhip effect. This can be prevented by establishing a 

comprehension of inert causes by integrating information systems, defining 

organizational relationships and creating new measurement procedures. (Lee et al., 

1997). The bullwhip is also applicable to issues in the woody biomass supply chain. As 

pointed out by and shown in the biofuel supply chain simulations of Badakhshan et al. 

(2015), in analyzing supply chains it is also necessary to include behavioral aspects, such 

as open communication, as the supply chain involves numerous stakeholders and is a 

complex system. In the models of Badakhshan et al. (2015) it is shown that information 

sharing across the supply chain can decline or completely terminate the bullwhip effect. 

Supply chain collaboration through information-sharing for increased transparency in 

order to ameliorate the bullwhip effect is also highlighted by Trapero et al. (2012), as this 

enables identifying and developing a collective, optimal solution for all stakeholders as 

opposed to sub-optimal solutions for each.  

 

Through information-sharing in the supply chain, the quantity and quality of material 

flow can be improved to better suit the requirements of woody biomass for power and 

heat. The material changes its characteristics numerous times throughout the supply 

chain, and hence optimizing this flow with consideration of these changes is important. 

For instance, by reducing the moisture content early on in the supply chain, 

transportation and handling costs can be reduced in the downstream. At the point of 

harvest, wood has a high moisture content of 50 % or more, depending on the species, 

while electricity production technology requires lower moisture contents. For example, 
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gasification requires a biomass moisture content level of well under 20 %, with an optimal 

range depending on the technology used.  With this in consideration, for holistic 

efficiency, forest residues could be dried in the field prior to transportation. (BR&D, 2014). 

Tajima et al. (2016) also highlight that one of the most commonly harvested trees in 

Japanese forest is Japanese cedar (“sugi”), with a maturity period of 50 years and 

moisture content of 60 %. Further highlighted is the potential of faster-growing and lower 

moisture-content trees when considering the entire supply chain, with downstream 

woody biomass powered electricity. This shows the significance of upstream and 

downstream stakeholder communication, in enabling a more efficient supply chain by 

avoiding sub-optimization.  

 

2.7.5 External Stakholder Management  

 

Information sharing and building relationships is important for managing the 

relationships with stakeholders internal and external to the supply chain. Gold (2011) 

discusses the importance of analyzing bioenergy production from a system perspective, 

including evaluation of biomass resources, supply chains, energy conversion 

technologies and energy services. Focusing on supply chains, Gold emphasizes that 

successful management of bioenergy supply chains is not only related to management of 

internal relationships between the actors in the supply chain but also involving external 

actors with influence on the success of supply chain, as illustrated in Figure 22. According 

to Gold (2011), broader stakeholder management is needed in order tp create favorable 

boundary conditions ensuring medium and long term acceptance of operations. As can 

be seen in Figure 22, the main stakeholder groups can be found in the broader political 

system (government bodies, NGOs and associations etc.) as well as the narrow 

environment (local residents, consumers and citizens). The main challenges are classified 

into three groups: 1) legal and political challenges, 2) challenges inherent in bioenergy 

production (social, environmental and competing utilization etc.) and 3) citizen 

perceptions. These challenges are linked to different stakeholder groups and can be 

alleviated by addressing the relevant group. An important tool in doing so is to highlight 

economic, ecological and social/societal benefits. 
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With this, it is clear that the technological as well as social and economic aspects are of 

importance to be evaluated in bioenergy projects, and when manageing supply chains 

they are important both in discussions between supply chain actors as well as with 

external stakeholders.  

  

Figure 22: Concept of managing external stakeholders by highlighting the benefits of bio-energy in order to overcome 

the challenges related to the stakeholder groups. (Gold, 2011) 
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3. Methodology 

 

In this chapter the research methodology of the study is presented. First, an overview of the method 

used is the described, followed by detailed explanations of case study selection, interview 

methodology and delimitations of the methodology.   

 

3.1. Overview 
 

An overview of the stages of the research methodology of this study is presented in 

Figure 23. The study is based on a literature review on related topics, such as the energy 

situation in Japan, small-scale biomass energy conversion and woody biomass supply 

chains. As discussed earlier, a gap in research regarding biomass supply chains in Japan 

was identified, and a strong need of a more system-oriented approach for analyzing the 

potential for woody biomass was highlighted by interviewed experts from academia, 

government and industry in Japan. Based on the identified research gap and a clear 

problem recognized by actors in the field, the problem formulation and research 

questions could be formulated. In order to develop an overview of the literature review 

and interviews with experts, as well as create a foundation for the focus of the case 

studies, a theoretical model was developed. This model is presented in chapter 4. The 

findings of the case studies are analyzed and discussed by mapping back to the model.  

 

In order to test the hypothesis of success factors for biomass supply chains in Japan as 

presented in the model, interviews are carried out with four actors involved in different 

stages of the woody biomass supply chain, during field studies in Kyushu in Southern 

Japan. The selection of case studies is discussed in section 3.2. and the interview processes  

discussed in section 3.3. The results of the case study interviews, in the form of issues and 

areas highlighted as the most crucial success factors for woody biomass supply chains 

are thereafter compiled in the Results (chapter 5), to be analyzed and discussed in the 

Discussion (chapter 6). The discussion is outlined as an analysis of the success factors 

highlighted by the case study interviews in comparison to the model including success 

factors highlighted by literature and experts in the field. Linking to the aim and research 
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questions of the study, the discussion is focused on the most important success factors 

for woody biomass supply chains as well as areas where there seem to be asymmetry 

amongst the views of the actors in the different stages of the supply chain. Directly 

addressing the research questions, a conclusion is presented in chapter 7, based on the 

results and discussion. Based on the delimitations of the study (section 1.4.), the 

delimitations of the methodology (section 3.4.) as well as interesting points and issues 

that have been realized through the study which are outside of the scope and would 

require more time and resources, suggestions for further studies are given in chapter 8.  

 

As illustrated in Figure 23, the research process is iterative. For instance, new areas 

required in the literature review were identified during the interviews with experts and 

when analyzing and discussing the findings. The research questions and problem 

formulation were also revised based on new insights through the study.  

 

 

Literature study & 
interviews with experts 

Problem & research 
questions formulation

Hypothesis & model 
development

Case study selection

Case study interviews

Analysis & discussion

Conclusion & further 
studies recommendations

Figure 23. Overview of the stages of the research methodology  
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3.2. Case Study Selection 
 

The actors interviewed in the case studies are all located in Kyushu, the southernmost of 

Japan’s four main islands, seen in Figure 24. The area was chosen as the focus of the study 

due to abundant forest resources as well as the rapid advancements of the forest industry 

compared to in many other parts of Japan.  

 

 

 

 

 

 

 

 

 

‘ 

 

 

 

 

In a study by Kamimura, Kuboyama & Yamamoto (2012), Kyushu is identified as one of 

the regions in Japan with most potential for woody biomass, both with the current 

harvesting and transportation system used in Japan and if an improved system as used 

in many European countries today were to be introduced, as shown in Figure 10 in section 

2.2.4. It is clear that many municipalities in Kyushu, with the improved system, could 

supply more than 200 000 tons which is enough to operate a large power plant.   

Figure 24. Location of Kyushu. (Kyushu Tourism Promotion Organization, 2016) 
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After deciding to focus on Kyushu for the case studies, actors to interview were 

identified. In order to attain a comprehensive understanding of the view of the different 

actors in woody biomass supply chains; the selection of actors to interview as part of the 

case studies was done with the ambition to include forest owners, pellets/woodchip 

producers and electricity/heat producers. Based on recommendations and contacts, four 

interviews could be arranged with the actors presented in Table 4. Due to one of the 

actors’ request for confidentiality regarding name and organization, all interviewed 

actors are denoted as “Company A”, “Company B”, etc. 

 

Company Forest owner 
Forest 

industry 

Biofuel 

producer 

Electricity 

/heat producer 

Company A X X (X)  

Company B X X X X 

Company C   X  

Company D   X X 

 

Table 4: Actors interviwed in the Kyushu field studies.  

 

Company A 

Company A is the largest forest owner in the Oita prefecture, and one of the largest 

forest owners in Kyushu, also involved in the forest industry. Company A also has 

plans to enter the woody biofuel market, with ongoing feasibility studies.  
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Company B  

Company B, located in the Miyazaki prefecture, is a forest owner also involved in the 

forest industry, production of woody biofuel, as well as in electricity and heat 

production. Woodchips for electricity and heat production is one of several forest 

products in the business of Company B, in which other products, such as chopsticks 

and construction material, are also main elements in the business model.  

 

Company C 

Company C, in the Miyazaki prefecture, is a producer of wood pellets. The entire wood 

pellet supply is sent to a Japanese, large-scale power producer for co-firing purposes. 

 

Company D  

Company D, located in the Oita prefecture, is a woodchip producer and electricity 

generator. The waste heat from the biomass power plant is also shared, free of charge, 

with local farmers in strawberry greenhouses. Moreover, the residual ash from power 

production is also used in the creation of new products, incurring a cyclical business 

model.  

 

3.3. Interview methodology 
 

Interviews with industry experts from academia, government and industry were 

conducted in Tokyo and Fukuoka city between February and April 2016. The interviews 

were designed as semi-structured, with open-ended questions based on literature, 

thereby encouraging discussions in order to get a comprehensive foundation for directing 

the focus of the literature review as well as developing the model in chapter 4, serving as 

a hypothesis and base for the discussion of the results. Both researchers of this study were 

present during the interviews, asking questions and taking notes, in order to avoid 

interview bias. The interviews with experts were conducted in English. The topics of 

discussion were sent to the interviewees beforehand, making it possible to prepare for 

the interview if desired. 
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During the interviews of the case studies in Kyushu, semi-structured, open-ended 

questions, such as “what are the most important success factors in biomass supply 

chains?” and “which are the most challenging aspects?”, were asked. In order to avoid 

leading questions and get an accurate understanding of the case study interviewee 

opinions, basing the questions on the hypothesis and success factors of the model was 

avoided in order to be able to compare and realize potential differences between the 

model and the answers as well as between the different actors. All interviews were 

approximately 1.5 hours long, providing enough time for discussion based on the 

questions. Three out of the four interviews were conducted with the help of a colleague 

of the researchers, acting as a translator between English and Japanese. One interview 

was conducted in English.  

 

3.4. Analysis 
 

In order to analyze the results from the case study interviews on the main perceived 

success factors and issues of woody biomass supply chains, a comparative table on the 

views and perceptions was created for an overview. This kind of table for comparing and 

visualizing the results of stakeholder perceptions from interviews is used by Shiroyama, 

Matsuro & Yarime (2015) in their study about stakeholders’ perceptions of issues in 

phosphorus recycling in Japan as seen in Figure 25. Firstly, the main issues brought up 

by the stakeholders during the interviews were identified based on strong emphasis by 

one or more actors. Thereafter the different issues were labeled as strong (S), moderate 

(M) or weak/not at all brought up (blank) depending on how strongly they were 

highlighted by each actor. An issue was labeled S when it was strongly emphasized by 

the actor, M when it was mentioned but not very strongly highlighted or discussed and 

blank when it was not mentioned at all. This method of quantifying and visualizing the 

results creates a foundation for identifying the most important issues, as well as having 

a discussion regarding which actors highlight which issues and why, as well as 

identifying the issues the actors agree on and the issues that are not agreed on. The issues 

agreed on are of great importance to consider and continue to emphasize for 

development and operations of successful supply chains, while the issues not agreed on 

are important to bring up for discussion among the different actors in order to share 
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knowledge and understanding to create common objectives and strategies along the 

supply chain.  

Figure 25: Comparative analysis of stakeholder awareness. S = Strong, M = Moderate, Blank = No or Weak 

(Shiroyama, Matsuo & Yarime, 2015) 

 

3.5. Limitations 
 

The main limitation of the methodology is the number of interviewed actors in the case 

studies. Since only four actors from one region of Japan were interviewed, the view of the 

actors cannot be considered, without further research, to be representative for the 

majority of actors in woody biomass supply chains in Japan. Therefore it is important to 

highlight that the results of this study are based on case studies and that further research 

on the topic would be desired. It is also possible that the view of the interviewed actors 

would be somewhat different in different regions of Japan, for instance due to 

geographical differences as well as differences in culture and history. This is discussed 

further in chapter 6.   

 

Another limitation related to the interview settings of the case studies is the language 

barrier. It is possible that by conducting the interviews in English in some cases resulted 

in a slight misinterpretation of the questions and alteration of how information was 

understood by both sides during the translation process. Translation also limited 
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discussions. During the case studies, only the interview with Company A was conducted 

in English with no translation, while the other three interviews were accompanied by a 

colleague of the researchers acting as a translator between English and Japanese. 

Furthermore, it is possible that the opinions expressed by the interviewees were 

somewhat altered due to a view of the interviewers as “outsiders”. This is a reasonable 

concern due to a strong culture among, for instance, forest owners, as further discussed 

in chapter 6.  

 

A further limitation of the chosen methodology is that the actors were chosen based on 

recommendations by contacts of the researchers, because they were viewed as successful 

cases. Some other actors that were contacted by the researchers explained how they had 

dismissed their biomass operations due to challenging conditions. In order to get a more 

balanced view of the success factors of biomass supply chains, it would have been 

interesting to interview actors that faced many challenges. However, such identified 

actors did not agree to participate in this study.  
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4. Model 

Based on the literature review and pre-case study interviews with experts of this study, a model is 

created to present the identified key success factors for the supply chain of small-scale woody 

biomass energy systems in the context of Japan, incorporating both formal and informal elements. 

The model thereby enables incorporating a holistic view, and acts as a base for deeper investigations 

surrounding the case studies of this study.  As follows is an overview of the pentagon model as an 

analytical tool. Thereafter the supply chain success factor model of this study is presented.  

 

4.1. Overview of Pentagon Model  
 

The pentagon model, created by Schiefloe (2011), is an analytical tool for understanding 

organizations primarily from a socio-cultural system perspective. Rolstadås et al. (2014), 

utilizing the pentagon-model to understand success factors though a project management 

approach, explain the model’s ability to enable system-oriented analysis, based on social 

constructivism theory. The model sorts organizational issues into five main categories, 

incorporating both formal (1-2) and informal (2-5) elements, seen below:   

1. Structure: the organizational layout and formal governance as well as defined 

procedures, regulations and processes under this governance  

2. Technology: tools and infrastructure  

3. Social relations & network: informal structures and social capital 

4. Interaction: cooperation, coordination and communication  

5. Culture: languages/concepts, values, attitudes, norms, “ways of working” 

 

The model gathers these aspects into one analytical tool in contrast to the separate 

analyses hitherto usual in literature, thereby enabling a more holistic view. This view is 

beneficial in investigating and presenting success factors for complex systems, such as 

woody biomass supply chains. Integrating energy flows of different businesses majorly 

concerns, according to Johansen & Røyrvik (2014), finding synergies in regional clusters. 

The process of balancing wood supplies, biomass fuel supplies and different heat and 

electricity demand profiles is applicable here. This form of integration of various, cross-

sectorial stakeholders requires analyzing the system as a sociotechnical system. In a study 

by Johansen & Røyrvik (2014), it was highlighted that surplus heat, cooling water and 



Success Factors of Woody Biomass Supply Chains in Japan 

   

 

 

Success Factors of Woody Biomass Supply Chains in Japan 94 

 

carbon dioxide, for instance, were available as byproducts from companies in a regional 

cluster in Kviamarka, Norway. Here five companies integrated their energy flows in 

order to increase overall energy efficiency and cost-effectiveness, by identifying and 

taking advantage of synergies amongst different actors within the cluster. Thus, as 

Johansen & Røyrvik (2014) imply, the potential for innovation is directly connected to the 

organization and management of stakeholders, in order to utilize complementary energy 

resources in establishing and maintaining a collective energy system. In this collective 

system, Johansen & Røyrvik (2014) highlight that 1) mutual trust in interdependence as 

well as 2) the establishment of roles and responsibilities are main success factors. 

Traditional energy systems, i.e. the grid, and the associated expectations of stakeholders, 

can be based on a form of institutional trust, largely taken for granted. However, 

collective energy systems require the negotiation and settling of roles across an 

interconnected supply chain in order to find and organize synergies in energy flows. 

Moreover, in this mutual trust is an inbuilt norm of reciprocity in the system. Moreover, 

a pricing-model was also negotiated in the case of Kviamarka, beneficial in the 

establishment of a dependable framework which the system is to follow, thereby 

decreasing uncertainty. The significance of interconnections between stakeholders 

indicates the importance to consider integrated energy systems, such as the case of 

woody biomass supply chains, as complex sociotechnical systems. This means that 

success is dependent both on technological robustness and perhaps even more on the 

strength of social networks and underlying social capital. The pentagon model, 

incorporating both formal and informal factors, enable this well-rounded view in 

analyzing complex sociotechnical systems.   

 

4.1.1. Analysis of Complex Supply Chains 

 

Amongst stakeholders in a social network, as discussed by Bolman and Deal (2008), there 

are different “frames” or mental models leading to different theoretical and conceptual 

foundations in the same “territory”. This may lead to information and perception 

asymmetries in the supply chain, leading the project failure. Hence, as also implied by 

Trapero et al. (2012) and Badakhshan et al. (2015), information symmetry and a common 

vision is vital in complex supply chain success, also applicable to woody biomass supply 

chain with a convoluted network of stakeholders (Yoshida et al., 2014).  The pentagon-

model, as an analytical tool to establish the success factors for woody biomass supply 

chains, can enable a common understanding of phenomena and a comprehensive picture 

as a catalyst for discussion and informed decision-making as well as more effective 
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supply chain management. There is a need of a multi-frame approach for complex 

systems, in order to understand sub-aspects and thereby understand the system as a 

whole. (Thompson, 1967). In creating integrated, small-scale energy systems, as 

highlighted by Johansen & Røyrvik (2014), stakeholder management is a key element 

alongside supply chain design based on local conditions and stakeholders.  

 

Hence, supply chain success factors are of interest to be analyzed, both formal and 

informal. According to a literature survey and Pareto analysis carried out by Talib et al. 

(2014) on general critical success factors of supply chain planning and management, there 

are a few vital factors as well as a “useful many” to be considered. In this study, factors 

were identified across various industries, based on findings from electric, manufacturing, 

high-technology and construction companies. There is also an incorporation of multiple 

companies and industries in the woody biomass supply chain, from forestry to biofuels 

to the power and heat generation sectors. The list of critical success factors is shown in 

Table 5. Based on the Pareto analysis, the cumulative percentage of occurrence of critical 

success factors found in the literature review indicate that the nine factors with the 

highest percentages of occurrence out of the 25 identified factors accumulate to 

approximately 80% of the total factor occurences. The top nine factors are given by Talib 

et al. (2014) as generally vital factors for successful supply chain management based on 

the Pareto analysis. These factors include: 1) information technology, 2) management 

commitment, 3) integration of partners, 4) service quality, 5) process, 6) resource 

capability, 7) government support, 8) skills and 9) trust. This shows that vital supply 

chain success factors incorporate both more formal elements, such as process, as well as 

informal elements such as trust and skills. Hence, it is relevant to investigate the success 

factors of the woody biomass energy system supply chain with the pentagon-model, as a 

tool useful for highlighting new perspectives in both formal and informal dimensions 

which may otherwise be overlooked. 
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Ranking Critical Success Factor Occurrence Percentage of 

occurrence 

Cumulative 

percentage of 

occurrence 

1 Use of information 

technology 

21 14 14 

2 Top management 

commitment 

20 14 28 

3 Partnership/integration 19 13 41 

4 Service quality 14 10 51 

5 Processes 12 8.3 59 

6 Resource capability  10 6.9 66 

7 Government intervention  8 5.5 72 

8 Skilled employee 7 4.8 77 

9 Trust 6 4.1 81 

10 Industry focus 5 3.5 84 

11 Open communication  4 2.8 87 

12 Market competence 3 2.0 89 

13 Image/reputation  2 1.4 90 

14 Cost minimization  2 1.4 92 

15 Planning and 

implementation  

2 1.4 93 

16 Data security 1 0.7 94 

17 Performance measurement 1 0.7 94 

18 Assurance and empathy 1 0.7 95 

19 Internationalization  1 0.7 96 

20 Organizational hierarchy 1 0.7 97 

21 Change management 1 0.7 97 

22 Infrastructure readiness  1 0.7 98 

23 Customer-supplier 

experience 

1 0.7 99 

24 Centralized control 1 0.7 99 

25 Adoption of standards  1 0.7 100 

Table 5: Critical Success Factors (CSF) in Supply Chain Management, based on a Pareto analysis of supply chain 

literature on multiple industries. (Talib et al., 2014) 
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4.2. Pentagon Model of the Success Factors of Small-Scale 

Woody Biomass Energy System Supply Chains in Japan 
 

The success factors of the small-scale woody biomass energy system supply chain in 

Japan, based on the literature studies and interviews with experts of this study, connected 

to different elements of the upstream to downstream supply chain, are presented in a 

pentagon model layout. This model is seen on the following page. 
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SUCCESS 

FACTORS OF THE 

WOODY 

BIOMASS 

ENERGY SYSTEM 

SUPPLY CHAIN 

TECHNOLOGY 

 CHP system dimensioned based on 

heat demand and fuel supply 

availability 

 Constant heat demand through 

district-heating or co-location 

 Power grid access 

 Potential storage solution 

 Biomass production process  

 Transportation infrastructure 

 Forest management: lumber 

SOCIAL RELATIONS & NETWORKS 

 Trust 

 Stakeholder identification and 

involvement  

 Informal relation identification, 

building and leveraging  

 Local integration & vitalization 

 Building strong relations with 

stakeholders 

 Knowledge-sharing across value 

chain 

 Public awareness   

STRUCTURE 

 Longer term independence from 

economic support 

 Material balance in supply chain  

 Forest ownership structure  

 Biomass moisture standards and 

control procedures 

 Clear roles and responsibilities 

 Coordinating body 

 Business model integration  

INTERACTION 

 Supply chain transparency  

 Open communication   

 Collaboration amongst all 

stakeholders  

 Stakeholder involvement in decision-

making  

 Shared investment and ownership  

 Strong leadership 

 Market awareness  

 Education & knowledge-building  

 

CULTURE 

 Norm of reciprocity  

 Common vision, e.g. local 

revitalization  

 Openness to change and overcoming 

conservatism  

 Sustainability focus – triple-bottom 

line    

 Common understanding, key words 

and concepts 
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The model’s elements are hereafter briefly explained for clarification, for each of the five 

sections of the pentagon, the formal structure and technology sections as well as the 

informal culture, interaction and social relations & networks sections. By doing so, a 

system-oriented approach is meant to enable the identification of supply chain success 

factors from new angles in analysis.  

 

 4.2.1. Structure  

 

 Longer term independence from economic support: avoid over-reliance on FITs, 

which would incur short-term robustness of the business model. Ensure that the 

long-term business model is independent from governmental economic support, 

in order to decrease policy risk and increase business model credibility.   

 Material balance in supply chain: ensure that the flow of material, from forest to 

lumber to biomass is sufficient for the power and heat demand profiles, including 

efficiency losses.  

 Forest ownership structure: clarify forest ownership structure and evaluate 

suitable ways of management of forest owners  

 Biomass moisture standards and control procedures: establish clear standards for 

the moisture content of the biomass used, as well as procedures for moisture 

testing and control.   

 Clear roles and responsibilities: created in order to avoid misunderstanding and 

conflict, through negotiated price models and contracts of which relevant 

information is made available to stakeholders across the supply chain. 

Responsibilities are also dependent on the availability of apt competencies, such 

as for forest management, moisture content control etc.  

 Coordinating body: it is beneficial to have one coordinating body with an 

overview of all stakeholders, which can maintain system balance and promote 

transparency through a birds-eye-view. This body could be the local government, 

the power producer, a forest association, etc.  

 Business model integration: based on material balance across the supply chain, 

combine the biomass-for-power business model with another business model, 

such as waste management or heat production, to hedge risk.  
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4.2.2. Technology  

 

 CHP system dimensioned based on heat demand and fuel supply availability: 

generate both power and heat for increased energy efficiency and expanded 

revenue streams. If all power can be fed to the grid, the CHP system can be 

dimensioned based on heat demands as well as on biomass supply.  

 Constant heat demand through district-heating or co-location: heat distribution, 

either through co-location with industrial or commercial heat demands or through 

district-heating. District-heating distribution can be done with existing district-

heating systems or new systems through co-development with local government 

and industry. Constant heat demands can enable higher energy system efficiency.  

 Power grid access: ensure access to the power grid for electricity sales  

 Potential storage solution: evaluate the power and heat demand profiles, and 

thereafter the need and potential for energy storage, such as batteries for power 

and hot water for heat.  

 Transportation infrastructure: ensure pathways for lumber and biomass 

transportation  

 Biomass production process: ensure the establishment and correct management 

of technology for biomass production (e.g. wood chipping, moisture content 

control, torrefaction for pellets etc.)  

 Forest management and lumber collection technology: ensure the establishment 

and correct management of technologies for wood collection, appropriate for the 

mountainous landscape in Japan, for a stable fuel supply, such as tower yarder 

technologies as shown in Figure 11 in section 2.2.4.  

 

4.2.3. Culture  

 

 Norm of reciprocity: the creation of and adherence to mutual benefits amongst 

stakeholders across the supply chain 

 Common vision, e.g. local revitalization: useful in discussing and driving projects 

forward across the supply chain, through collective energy solutions 
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 Openness to change and overcoming conservatism: currently Japanese industry, 

including the forest industry, tends to be conservative. Fostering a culture of 

innovation is important to enable new supply chains 

 Sustainability focus – triple-bottom line: a focus on 1) economic, 2) social and 3) 

environmental sustainability in supply chain creation. 

 Common understanding, key words and concepts: a common basic perception of 

the role of biomass in local society, its opportunities and challenges, and how this 

can be managed collectively through the supply chain  

 

4.2.4.  Interaction  

 

 Supply chain transparency: avoid information asymmetries in order to improve 

discussions, manage uncertainties and enable informed decision-making amongst 

supply chain entities  

 Open communication: availability and openness of all stakeholders to 

communicate, and engage in knowledge-sharing and discussion  

 Collaboration amongst all stakeholders: coordinated by one body, enabling a 

holistic approach to value creation in the supply chain   

 Stakeholder involvement in decision-making: the coordinating body involves all 

stakeholders in decision-making processes affecting the supply chain, increasing 

inclusivity and transparency, as well as enabling a more holistically robust supply 

chain.  

 Shared investment and ownership: for holistic, collective solutions and norms of 

reciprocity. This can also enable investment in more expensive technologies which 

will improve the entire supply chain, such as forest management technologies or 

local district-heating networks.  

 Market awareness: monitoring and acting upon both new opportunities and 

competition faced by the established supply chain.  

 Education and knowledge-building: focus on developing skills and training in 

order to decrease bottlenecks and enable successful operation for all units of the 

supply chain.  

 

4.2.5. Social Relations & Networks  
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 Trust: important for the overall robustness of the supply chain, in setting and 

meeting contract agreements, etc.  

 Stakeholder identification: identifying appropriate stakeholders with relevant 

skillsets and interests: forest associations, lumber companies, biomass producers, 

power & heat producer, local government, local communities, power/heat 

consumers.   

 Informal relation identification, building and leveraging: the identification of 

preceding informal relations amongst identified supply chain stakeholders, and/or 

building up new relations, and thereafter leveraging this social capital. This is 

important in enabling trust and managing supply chain uncertainties.  

 Local integration & vitalization: for small-scale biomass, it is important to 

integrate the supply chain with local fuel supply, and heat & power demands, in 

creating a collective energy system supply chain based on local conditions. This 

can also revitalize local societies, especially important for a weakening forest 

industry alongside aging societies in Japan.   

 Building strong relations with stakeholders: important for long-term 

sustainability of the supply chain and acceptance amongst stakeholders.  

 Knowledge-sharing across value chain: fosters innovation in identifying and 

implementing new solutions and also increases transparency, trust and 

willingness to invest in new systems 

 Public awareness: in order to increase project acceptance and involvement across 

the supply chain, both amongst companies and organizations as well as in local 

communities.  
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5. Results  

As follows are the results of this study. Initially presented are lists of the main challenges and 

success factors as perceived and explained by each representative of company A, B, C and D of the 

case studies in Kyushu. Thereafter, based on this accumulated data, the most strongly and 

abundantly discussed challenges and success factors amongst the interviewees are presented. The 

success factors of the woody biomass energy system supply chain in Japan are presented in a 

comparative table. This table shows the relative strength of emphasis placed on each factor by each 

stakeholder, enabling the identification of perception convergences and divergences across the 

supply chain.      

 

5.1. Case Studies: Challenges And Success Factors Amongst 

Stakeholders 
 

As follows are the dominant challenges and success factors as perceived by 

representatives of company A, B, C and D.  

 

5.1.1. Company A 

 

Success Factors 

 

 Culture: understanding of the culture and history of the forest industry 

 Supply chain innovation: wood chipping integrated on collection trucks directly 

in the forest, for increased supply chain efficiency 

 Transportation infrastructure: using more advanced technology to expand road 

networks in the forest 

 Localized support: for biomass heating, support from local government and 

communities 

 Drying of biomass: leave lumber in the forest to dry, as it is lighter to carry out 

 Trying new trees: trees that are faster growing and have lower moisture contents 

are beneficial for woody biomass, in contrast to traditionally grown Japanese cedar 

(“sugi”) trees that take 50 years to mature, with a 60% moisture content.  
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 Cooperation: potential to form cooperation with other forest owners, to collect 

their forest residue for woodchip production 

 Wood market: one needs to follow and understand wood market developments. 

Log prices have been decreasing over the past 30 years. Today construction wood 

prices are falling, while woodchip prices in fact are rising.   

 Tree value: A-grade & B-grade lumber for construction, C-grade lumber for 

woody biomass 

 Carbon offsetting: by 1) faster growing trees, 2) thinning and 3) replanting 

 Forest industry vitalization: enabling increased income in forest industry  

 

Challenges 

 

 Conservatism: amongst forest owners, a tendency to be unwilling to try new 

processes and technologies. This inhibits innovation.  

 Upstream costs: high costs of 1) carryout from forest (big bulk and high volumes), 

2) equipment (e.g. tower yarder collection technology) as well as of 3) planting 

trees and maintaining forest area. This leads to low revenues for forest owners.  

 Lack of awareness: about biomass for heating, and about moisture content 

requirements for power production  

 Lack of support: lack of guidance and support from local government  

 Supply instability: for a stable supply of woody biomass for larger scale biomass 

power plants, actors will need to import biomass from abroad as well.  

 

5.1.2. Company B  

 

Success Factors 

 

 Local vitalization: enabling growth of the local economy and society   

 Technology: the utilization of machinery for wood collection efficiency, such as 

grapples and forwarders, as opposed to manually operated chainsaws 

 Management: for stable wood supply 
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 Wood supply diversification: maintaining a diversified wood supply in order to 

hedge against supply risks. The diversification of Company B involves procuring 

wood from 1) own trees (28%), 2) external company contracts (38%), 3) the market 

(18%) and 3) government-owned forest (16%) 

 Sustainable forestry: power plant design based on sustainable forestry 

 Respect: of forest owners, traditions and culture  

 Norms: understanding social norms of “wood” 

 Waste heat utilization for drying: use biomass power plant excess heat to dry 

wood for increased cost-efficiency 

 Power market deregulation: new abilities in selling electricity in a liberalized 

market  

 Skills: train young people in order to build and maintain skills  

 Collaboration: closer forest industry collaboration instead of just having a 

supplier relationship  

 Personal relationships: connected to collaboration and creating social ties to 

strengthen the supply chain 

 Business model integration: decide what the lumber will be used for based on the 

highest-value wood product. Important to note that C-grade wood prices are 

rising, incurring higher value of woody biomass from forest residue and thinning.   

 Understanding perceptions: understanding the perceptions of success of different 

stakeholders, which are for instance likely to be different for power producers in 

comparison to forest owners.  

 Cyclical view of wood: through life-cycle assessments (LCA), a cyclical view of 

wood can enable increased sustainability  

 Sustainable subsidy use: utilize short term subsidies to enable long-term 

investments and commitment. The long-term business model should not be 

dependent on government subsidies, which incurs policy risk.  

 

Challenges 

 

 Unfamiliarity: biomass is a new concept to forest owners. Forest has been passed 

down throughout generations, incurring a high traditional value, sometimes even 
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incurring that the forest feels like family. Hence, burning the trees for electricity 

generation may feel wrong.  

 Conservatism: lack of willingness to try new business, especially with the 

unfamiliarity associated with woody biomass for power and heat. Also interesting 

to note is that, as the forest has been passed down within families, forest owners 

tend to prefer visible products created from their trees.  

 Skills for wood collection: which is especially a challenge considering the 

mountainous terrain in Japan 

 Stable wood supply: plan for and manage a stable flow of wood in the supply 

chain. 

 Lack of documentation: there are many small-scale, private forest owners of 

which there is a high deficiency in documentation and certification  

 Contract creation: difficulties in getting permission and creating long-term 

contracts with each forest owner for the use of their lumber 

 Lack of open communication  

 Lack of local support: lack of long-term and forest owner focused approach from 

government 

 

5.1.3. Company C  

 

Success Factors 

 

 Biomass moisture content and quality control: for efficient power production   

 Transportation infrastructure: road in forest in order to carry out wood 

 Human resources: skill development for wood collection 

 Coordinator: some form of middleman, which acts as an aggregator of different 

sources of wood supply and demand  

 Effective communication: the previously mentioned coordinator knows 

appropriate communication methods for the forest industry 

 Credibility and trust: attained by Company C, for example, by having a trusted 

public company as a shareholder  
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 Personal relations: trust and building strong relationships with stakeholders  

 Technology maintenance: mainly maintaining the woodchipper 

 

Challenges 

 

 Pellet expenses: pellets made from domestic wood are a lot more expensive than 

woodchips, which can inhibit expansion in Japan.  

 

5.1.4. Company D  

 

Success Factors 

 

 Moisture content control procedures: control of biomass moisture content prior 

to entering as well as inside the boiler. If the moisture in the boiler is too high, 

biomass of lower moisture content is added to incur a balance, and vice versa.  

 Local vitalization: for instance through the sharing of waste heat from the biomass 

power plant with local strawberry greenhouses, at no expenses. This can incur 

increased acceptance of biomass power and increase company goodwill. 

 Business model integration: location of the power plant near wood supply, as 

well as near heat demands to enable utilization of waste heat 

 Documentation: to show where the wood comes from, necessary for FIT 

application procedures 

 Grid accessibility: proximity to the national power grid, as well as permission to 

sell electricity through the grid 

 Water access: a lot of water is needed in biomass power production processes 

 Coordinator: a form of middleman, in order to enable more efficient 

communication between wood suppliers and wood buyers, as well as aggregate 

demand and supply.  

 Woody supply: ensure a sufficient collection radius for necessary wood supply 
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 Transportation infrastructure: ensure a sufficient road network in mountains and 

maintain an overall transportation infrastructure in order to enable wood 

collection and transportation.  

 

Challenges 

 

 Costs: expensive wood collection technology, e.g. a tower yarder 

 Administrative complexity: certification of where the wood comes from as well 

as the qualities of the wood is a challenge due to the existence of many small-scale 

forest owners. This is necessary for FIT applications. A coordinator, as mentioned 

as a success factor by Company D, can aid in tackling this challenge.    

 

5.2. Main Challenges Across the Supply Chain  
 

The main challenges as perceived strongly by one or more of the interviewed 

stakeholders in the woody biomass energy system supply chain, based on the case studies 

of this study, are as follows:  

 

 Stable wood supply  

 Lack of innovation: wood collection 

 Expensive wood collection technology 

 Lack of awareness: biomass for heat  

 Support from local government  

 Conservatism & unfamiliarity  

 Administrative complexity 
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5.3. Main Success Factors Across the Supply Chain  
 

The main success factors as perceived strongly by at least one interviewed stakeholder in 

the woody biomass energy system supply chain, based on the case studies of this study, 

are shown in Table 6 for comparative analysis. Table 6 also indicates the relative emphasis 

of different stakeholders on the derived success factors. These results are discussed as 

follows, in chapter 6.   

 

 (1) Respect 

of values & 

traditions 

(2) Transportation 

infrastructure 

(3) Business 

model 

integration 

(4) Relationship 

& trust 

(5) Local 

vitalization 

(6) Biomass 

quality 

control 

Company A S S M M M  

Company B S M S M S  

Company C  S  S  S 

Company D  M M S S S 

Table 6: Comparative analysis of stakeholder success factor perceptions. S: Strong, M: Moderate, Blank: No or Weak 
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6. Discussion 

As follows is a discussion surrounding the results of this thesis, related to the perceived challenges 

as well as the convergence and divergence of success factor perceptions amongst the stakeholders 

interviewed in the case studies. The perceptions gap found is further discussed with theory on 

forest culture and values as well as sustainable forest management. Thereafter, the potential of 

innovation, and especially governance-related innovation, to aid in closing this gap is also 

discussed.  

 

6.1. Convergence In The Answers  
 

As illustrated in Table 6, there are some perceived success factors which all actors agree 

on, as well as some that are highlighted as very important by a few of the actors and not 

at all mentioned by others. It is of course interesting to focus on the factors that are 

highlighted by all actors, since they are unanimously considered important for supply 

chain success. However, the factors that are not highlighted by all actors across the supply 

chain are likely to be even more important to investigate further, since there might be 

opportunities for innovation and creation of more efficient supply chains by building a 

common understanding regarding these issues. The factors that most actors agree on will 

be discussed, and in section 6.2. the factors that on which perceptions diverge will be 

further discussed.  

 

All actors regard (2) Transportation & infrastructure and (4) Relationship & trust to be of 

either strong or moderate importance. Also (3) Business model integration and (5) Local 

vitalization are considered important by all actors except Company C, which as discussed 

is less dependent on local integration due to a business model involving only supplying 

one product (wood pellets) to one other company, a large scale power utility. Even 

though the actors agreed on the importance of these factors, there are some differences 

worth noting. For instance, the importance of (2) Transportation & infrastructure is stressed 

by all actors, however the opinions on how to ensure this aspect should be addressed, as 

they vary slightly. For example, Company A stresses the importance of building an 

extensive road network in the forest, even in areas with steeper terrain, and noted how 

there is a lot of knowledge on the construction of these kind of roads in the Kyushu area. 

With an adequate road network, company A believes that there will be less need for 
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expensive machines for harvesting and transportation. Company B, on the other hand, 

focuses more on such advanced machinery for wood harvesting and collection.  

 

(3) Business model integration is seen as moderately important by Company A, seen in 

plans to integrate biofuel and power production with the current business. Company B 

strongly highlights the importance of integrating their briquette production with 

manufacturing of other products, in line with the discussion of only wanting to burn the 

wood as the last option. Company B would rather make products that last for a long time, 

due to the many years spent on taking care of the trees before harvest, and the fact that 

the forest has been in the owner’s family for many generations, thereby having special 

value through heritage. Company B therefore places briquettes as the last step in the 

wood value chain, made from residual wood from production of chopsticks, hence 

integrating several value streams into the business model. Company D supplies residual 

heat from power production to local farmers. Although this is provided for free, as an 

effort for local vitalization, it can be seen as integrating different flows of products, or 

value. Company D is also in the process of developing a product from the ash produced 

during the biomass combustion process that can be used to clean water. If successfully 

introduced to the market, this product will create an extra income stream, integrated with 

power production. Potential customers are local governments and prefectures in need of, 

for instance, cleaning contaminated rivers and water streams. The product and concept 

is shown in Figure 26. The first bottle to the left is filled with a mix of water and ink. In 

the second bottle the “ash product” is added, and it can be seen that the ink and the water 

are clearly separated into two different layers. In the third bottle the ash product is added 

to a bottle of green tea, separating the tea powder and the water. The cans to the right are 

filled with the product and in front are samples of packaging.  
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(4) Relationships & trust between the different actors in the supply chain is seen as 

important by all actors. However, there is slightly more emphasis from Company C and 

D downstream in the supply chain compared to the upstream actors. This is because the 

downstream actors are more dependent on ensuring long-term relationships with the 

upstream stakeholders for a stable supply of wood in order to operate. Factor (5) Local 

vitalization is particularly highlighted by company D. As mentioned, they offered land for 

free to local farmers in order for them to set up greenhouses for strawberry farming, with 

a supply of heat for free from the company’s power plant. The motivation behind this is 

to give back to the community. Company A and B both also highlight the significance of 

providing local employment opportunities.  

 

Finding that most actors agree on most of the factors forms a foundation for strategic 

development in these areas.  However, as discussed, there may be slightly different views 

on which approaches to use. Reaching a common understanding on the most efficient 

way to enable the success factors surrounding which there is a convergence of 

perceptions may facilitate knowledge-sharing and possibly joint investments in required 

technology and equipment. 

 

 

 

Figure 26: Demonstration of water treatment product made from ash 

from biomass combustion of Company D. 
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6.2.  Asymmetry in the Answers 
 

The factor (1) Respect of values & traditions, is a strongly highlighted issue for the actors 

upstream in the supply chain, and not at all mentioned by the actors downstream. The 

forest owners also made it clear that lack of respect of this aspect from other actors, such 

as the energy producers, is an issue in their opinion. If the actors downstream in the 

supply chain make an effort to understand the cultural values of the forest owners, a 

foundation for improved communication can be facilitated. This could also potentially 

change the optimal design of the supply chain, based on the satisfaction of all actors. For 

instance, as mention by Company B, using the wood for energy is the very last option, as 

they prefer to use it to make as many other products as possible before using the residue 

from manufacturing processes of these products for energy purposes. These values might 

effect which form of woody biofuel is produced, such as pellets or wood chips, in addition 

to the economic factor. Respecting these decision and values might not in all cases be the 

most economical pathway in the short-term, but is likely to enable building more 

sustainable long term relationships based on mutual trust and understanding, which will 

also facilitate increased discussion and collaboration regarding other highlighted issues. 

This is also in line with discussions on social and economic aspects of wood of Aguilar 

(2014) and Keefe (2014), concerning the “social availability” of wood influenced by 

different worldviews and value systems and, respectively, management objectives 

amongst forest owners which are important to be considered in planning the woody 

biomass supply chain.  

 

Considering the success factor (6) Biomass quality and control, the case is the opposite. 

Factor (6) receives strong attention from the actors downstream in the supply chain but 

is not mentioned at all during the interviews with upstream actors. Also in this case, 

increased awareness and knowledge sharing might have a positive effect on the design 

of more efficient supply chains. For instance, it might be more efficient, economically and 

logistically, to move some of activities related to the required biomass drying process 

from the downstream actors to the upstream actors. For instance, leaving the wood to dry 

in the forest in the upstream supply chain might reduce costs of transportation due to 

lighter weights at the same time as reducing the need for drying in the later stages, 

requiring space and possibly additional energy from the downstream actors. For 

instance, as mentioned by Company B, available space is an issue for many companies 

with regard to woody biomass drying. They mentioned that they would like to stock the 
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logs for a longer time, leaving them to dry in piles outside after receiving them. This 

would cut the costs for operating the drying machine, but land price is an issue. Forest 

owners, however, already own the land, and one technique that is efficient for drying the 

wood is leaving the logs or residues in the forest with the smaller branches and leaves 

left, which will continue to absorb the moisture of the tree and diffuse it into the air even 

after the tree has been cut down (Kamijo et al., 2016). An open discussion regarding this 

issue, that might not be very familiar to forest owners that have little experience of 

supplying wood for energy purposes, might consequently open up for new, more 

efficient configurations of the required moisture control and drying process. As indicated 

by BR&D (2014), the holistic efficiency of the woody biomass supply chain can be 

improved by drying forest residues in the field prior to transportation, for an increased 

quality of material flow. Further emphasized is the importance of information- and 

knowledge-sharing in enabling this change, which could better suit the requirements of 

the woody biomass supply chain. As also highlighted by Trapero et al. (2012), Yoshida et 

al. (2014) and Badakhshan et al. (2015), enabling information symmetry and open 

communication is vital for the success of complex stakeholder supply chains, applicable 

to the case of woody biomass in Japan. This can aid in managing the divergences of 

perceptions across the supply chain, such as with regard to (1) Respect of values and 

traditions and (6) Biomass quality control.   

 

6.3. Forest Management and Culture  
 

Respect for values and traditions related to forest ownership and sustainable forest 

management were, as discussed, considered very important issues for the actors in the 

woody biomass supply chains of the case studies, strongly highlighted in the interviews 

with the forest owners.  Looking at the Pentagon Model as presented in Chapter 4, this 

matter is strongly related to the informal factors, particularly in the “Culture” section, 

suggesting that the theory of a need to focus on informal factors in the design and 

operations of successful biomass supply chains is valid. This significance is not only 

apparent due of the issue of culture being strongly highlighted by the forest owners, but 

even more so due to the fact that there seems to be a lack of awareness of the importance 

of this factor further down in the supply chain, creating a gap in the perception of success 
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factors amongst the stakeholders. Hence, there might be an opportunity to create more 

successful supply chains by acknowledging the importance of this factor.  

 

Halder et al. (2012) discusses how many countries in the world where non-industrial 

private forest owners play an important role in the supply of wood to forest industries 

face similar challenges. It is highlighted that is important to understand the views and 

opinions of these private forest owners in order to ensure a stable future supply of woody 

biomass. However, only a small number of studies investigating this subject have been 

conducted. For instance, in the USA, private forest owners were found to be positive 

towards supplying wood and forest residues for energy generation, and the degree of 

interest was positively correlated with the price of biomass. The American forest owners, 

however, found challenges arising from the lack of readiness of the wood energy market 

as well as lack of efficient supply chain establishments and logistics. A number of 

Swedish private forest owners in the study are more concerned about the loss of nutrients 

in the soil due to increased harvesting, and therefore choose not to sell energy wood. 

Finnish private forest owners were found positive towards supplying energy wood but 

concerned about loss of soil fertility due to more intense harvesting.  

 

In line with the theory that both informal and formal factors are important to understand 

in order to create successful biomass supply chains, Fabusoro et al. (2014) highlight the 

importance of considering how both formal and informal institutions interact in order to 

understand Japanese forest owners. It is, for instance, described how important the 

informal aspects of culture and tradition are in forest management and preservation. 

Preservation of the mountain forests has a very long tradition in Japan, which has its roots 

in keeping the rice fields well watered, which is highly dependent on the hydrological 

processes of the mountains for which forest plantations are of great importance. An 

additional aspect of Japanese culture supporting sustainable forest management are 

rooted in the traditional beliefs of the Shinto religion. Since the foundation of Shinto is 

that God exists in every part of nature, such as mountains and trees in the forest, 

preservation of forests has been important to the Japanese people throughout history.  
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However, while this traditional boundary to nature and forests might still be strong 

among forest owners, it cannot nowadays be identified as a trait among Japanese people 

in general. Kobori & Primack (2003) argue that despite Japanese people traditionally 

having a close relationship with nature, and sustainable management of natural resources 

being a central aspect of Japanese culture, this is not as prevalent in modern times. They 

claim that since the 1960’s, the relationship between humans and nature in Japan has 

changed significantly, mainly due to the fast economic growth with urbanization and 

large-scale construction projects. It is estimated that 20% of the Japanese species of plants 

and animals are under threat of extinction, making the issues of nature conservation and 

biodiversity of great importance, but less of a concern among today’s Japanese people.  

 

The views of people in the forest industry as well as the general public on the function of 

the forest have furthermore been studied by Kraxner et al. (2009). In 2007 they did a 

survey in Yusuhara Town, Kochi Prefecture on Shikoku Island. It was considered a 

reperesentative rural mountain community where biomass resourses for energy usage 

are vast. However, despite being so dependient on incomes from the forest industry, the 

function of the forest as providing protection from disasters such as soil erosion, flooding 

and avalances, as well as ecosystem services such as clean water were clearly more 

highlighted by all groups of respondents, devidied into foresters, farmers, company 

workers and unemployed, as illustrated in Figure 27. Only 55% of the respondants agreed 

on wood production being an important function, and 47% agreed on it being an 

important source of employment opportunites. Nevertheless, it can be seen that the job 

groups working more closely to the forest, the foresters and the farmers, valued the 

function of the forest as a source of employment and wood production to a larger degree 

than people with a further distance such as the company workers. A national study by 

the Japanese Cabinet Office also supports this result, making it likely to be generalizable 

to rural forest communites in Japan. One explanation for the result is thought to be the 

difficulites the forest industry has faced for a long time in Japan, in many cases being 

completely abandoned, which has led to a paradigm shift from viewing the forest as an 

industry and a source of income and employment, to placing more importance on 

environmental functions and being a source of biodiversity. It also indicates that most 

people do not see their personal or their region’s future depending on incomes from 

forest products. (Kraxner et al, 2009) 
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As illustrated in Figure 28 below, 80% of the foresters agreed on that the forest should be 

used, including in form of biomass for energy, and the same number also agreed on the 

importance of using the forest while at the same time protecting it. A lower number, 60% 

agreed on protection only. However, company workers agreed more to the statement of 

the importance of only protecting the forest, 70% compared to 50% on using the forest. 

According to Kraxner et al. (2009), this furthermore indicates a distance of people not 

working in the forest industry. Particularly among young people in Japan, wood 

products are seen as simple commodities that similarly to steel or petroleum can be 

imported, while the nature close to home needs to be protected and left untouched.  

Figure 27: Preceptions on the importance of forest functions by different job 

groups in Yusuhara Town. (Kraxner et al., 2009) 
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While people in the forest industry, according to the study by Kraxner et al. (2009) as well 

as supported by the interviwes with the forest owners in Kyushu, place value on using 

the forest, economic incentives are, as previously discussed, far from being the only 

incentive for forest owners to ensure sustainable management of the forests. Fabusoro et 

al. (2014) identifies ten different factors, based on both formal and informal institutions 

that influence the behavior and decision-making of forest owners in Japan, effecting how 

they interact with other actors. These factors are listed as follows.  

 

1) Hereditary Legacies 

As mentioned earlier, a vast majority of Japanese forest owners has inherited their forests 

throughout generations, including the forest owners in the Kyushu case studies. Related 

to the traditional Japanese belief system, in which honoring ancestors is a very important 

aspect, many forest owners feel a strong responsibility to continue to manage and 

preserve the forests as a hereditary legacy, and as one of the main objectives of sustainable 

forest management (Fabusoro et al., 2014), as also highlited by the forest owners in the 

Kyushu case studies.  

Figure 28: Agreement to statements on the meaning and use of forest by different job 

groups in Yusuhara Town. (Kraxner et al, 2009) 
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Also Noriko, Premysl & Takafumi (2006) discuss that, despite not being able to run 

profitable business operations, many Japanese forest owners regard the forest as highly 

valuable and important to preserve and pass on to coming generations, since it has been 

inherited from ancestors. Even though forests in many other countries are inherited 

throughout generations, the strong sense of responsibility of continuing to take care of 

the property, even if it does not generate income, is especially strong in Japan. This may 

be due to the strong worship of ancestors in Japanese culture. In a survey of forest owners 

in Yamaguchi Prefecture in Southern Japan conducted in 2003, 81% of the 687 

participating forest owners had inherited the forest and considered it family property. 

Moreover, 67 % of the respondents the forest had not generated any income during the 

past three years. (Noriko, Premysl & Takafumi, 2006) 

 

2) Traditional Cooperative Behavior 

Another aspect of Japanese culture that also affects the culture of forest owners is the 

group-oriented thinking. The characteristic of valuing groups rather than individualism 

is very central in Japanese culture due to many reasons, such as the homogeneity of the 

island nation and the “haji culture” referring to the fear and shame of individual failure. 

This can offer an explanation to the fact that the small-scale forest owners are organized 

as cooperatives, more than solely for economic purposes such as greater bargaining 

power etc. (Fabusoro et al., 2014).  

 

3) Economic Factors  

Despite the importance of cultural and value-based factors as discussed, economic factors 

are naturally, as for all businesses, still important for forest management and sales 

operations, business model design and organizational structures, for instance in the case 

of forest owner cooperatives (Fabusoro et al., 2014).  

 

4) Policy  

As discussed in this thesis, government policy for increased use of biomass, along with 

other renewable energy sources, is a highly current topic in Japan considering the 

introduction of the FIT system with a recent adjustment in favor of biomass. The 

importance of national and local policy focusing on forest owners is also acknowledged 

by (Fabusoro et al., 2014). For instance, this can steer the direction of wood utilization 
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more towards energy wood or other wood products, or towards a greater utilization of 

forest residues in general, as discussed in this study.  

 

5) Certification  

Fabusoro et al. (2014) furthermore identify forest certification as an important factor in 

their case study of Oguni. This is not mentioned by the interviewed actors in this thesis. 

Apart from the ecological benefits from the certification (Sustainable Green Ecosystem 

Certification, SGEC) that is managed by forest owner cooperatives, there are economic 

benefits arising with better opportunities for product branding and placing the products 

in a premium segment, resulting in higher demands and prices. The certification system 

furthermore motivates the forest owners to work together in order to ensure sustainable 

forest management practices. (Fabusoro et al., 2014). However, certification was not 

mentioned as a sucessfactor by the forest owners in the Kyushu case studies.  

 

6) Subsidies  

In the study by Fabusoro et al. (2014) it was moreover found that subsidies where 

important for forest owners in order to be able to ensure effectiveness of sustainable forest 

management and day-to-day activities. In their case study, the feeling of collectiveness 

among the forest owners is enhanced since the forest owners’ cooperative assists with the 

grant of subsidies. In this study, subsidies were found to be of great importance, both 

when talking to industry experts and in the Kyushu case studies. It was furthermore 

highlighted, especially by company C, that organizing the forest associations as a means 

to support the administrative tasks related to the FITs is of great importance.  

 

7) Income from additional activities  

Fabusoro et al. (2014) furthermore found that many of the forest owners they studied in 

Oguni, especially among the small owners, did not qualify for subsides from the 

government. In order to cover the costs related to the management of the forests they also 

engaged in other income-generating activities, such as crop and livestock production. 

Even if the forests did not make a strong business case on their own, these small scale 

owners were driven by their social and cultural belief that they were responsible to 

continue to manage the forests.  

8) Low profit margin 
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The profit margin from forest management activities, such as commercial thinning, has 

been declining since the early 1980’s. Even though there, as previously discussed, are 

many reasons apart from economic incentives to continue managing the forests, more 

related to culture and values, the smaller profit margins affect the decision-making 

among the forest owners and puts limits on, for instance, opportunities for new 

investments. (Fabusoro et al., 2014). 

 

9) Age of the forest owners  

In relation to the discussion about the impact of culture and values of forest owners, their 

age is an important factor. In the study by Fabusoro et al. (2014) it is discussed that the 

traditional values are stronger among the older forest owners, who strongly emphasis 

sustainable forest management practices, while the younger generation focuses more on 

economic interests. They highlight how it might be the case that younger forest owners 

will look more towards utilizing the forests for other economic purposes. As further 

discussed by Noriko, Premysl & Takafumi (2006), the aging population in general, and 

particularly in rural areas due to urbanization, is an issue in Japan, affecting the forest 

industry. In their survey of forest owners in Yamaguchi Prefecture in 2003, 83% of the 687 

participating forest owners answered that they were 60 years or older.  

 

10) Availability of forest workers  

Another issue highlighted by Fabusoro et al. (2014) is the difficulty in recruiting young 

people to the forest industry, due to an understating of the industry as conservative and 

lacking profitability as well as incurring tedious work related to the forest operations. 

This is an important issue for the forest owners in Japan, since many of the existing forest 

workers are old and about to retire. The ability to attract young people to the industry 

will therefore be crucial for its survival in Japan, whihc was alos strongly hihglighted 

especially by Company B in the Kyushu case studies.  

 

The importance of culture and values can consequently be seen in many dimensions. 

From collectivistic behaviour effecting the formation of forest associations to the 

importance of heratage, affecting the sense of the forest having greater value than only in 

the economic sense.  It is also clear how formal factors such as subisdies can effect less 

formal factors such as the collective behavoior, and how the age of the forest owners is 

likely to effect their values and decision making. In the next secion, sustainable forest 
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management will be further discussed, in context of both cultural importance as well as 

formal factors such as policies.  

 

6.4. Sustainable Forest Management  
 

The upstream, forest-side, stakeholders in the supply chain as seen in Table 6 place strong 

emphasis on respect of values and norms in the forest industry. Company B, for instance, 

indicates that the entire supply chain of woody biomass energy systems should be based 

on sustainable forestry as opposed to solely electricity demands in the downstream. 

Moreover, as shown in the previous section, sustainable forestry in Japan is also strongly 

connected to culture and values amongst forest-owners, which is deeply rooted in 

traditions. It can be seen that both formal and informal aspects are involved in the context 

of sustainable forest managemenet in the woody biomass supply chain. The notion of 

sustainable forestry in the context of Japan, as well as appropriate management 

techniques for these purposes, is therefore of interest to be discussed further based on the 

results of this study.  

 

6.4.1. Creating New Value from Forests 

 

Sustainable forest management can enable creating new value from forests, by adopting 

a triple-bottom-line approach for environmental, social and economic benefits. This is 

important when considering both respect of traditions associated with forestry in Japan, 

especially in the case of older forest-owners, as well as the economic benefits desired, 

especially by younger generations. As highlighted by Peter et al. (2015), creating an 

overview and comprehension of different stakeholders’ views on sustainable forest 

management as well as their perceptions on tradeoffs and synergies is important, with 

regard to the utilization of woody biomass for energy in contrast to other products. 

Benefits of woody biomass mentioned by the interviewed stakeholders of the case studies 

of this thesis include local vitalization, finding new demands for wood and revitalization 

of Japanese forestry, in line with potential benefits mentioned in the study by Peter et al. 

(2015), including “increased employment opportunities in the industry”, “opportunities 

to make up for declining demand in other areas (for instance paper and pulp)” and 

“additional income channels”. In their study, one of the main concerns amongst potential 

woody biomass supply chain stakeholders is competition between material and energy 

wood use. Similarly, companies A and B of the case studies of this thesis indicate the 
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importance of making the most value out of the forest, thereby not using all of the wood 

for biofuel purposes but in a balance of wood in visible products vs. for power or heat 

production. This process of trading off and balancing value is important to be considered.  

 

Woody biomass energy systems, as highlighted by all companies interviewed in the case 

studies, is a new and as of yet unfamiliar concept in Japan. In enabling such systems, new 

forms of forest management would be required, such as increased engagement in forest 

thinning for biofuel material procurement. As Company A highlights, in order to create 

a more biomass-oriented market as well as carbon sinks in sustainable forest 

management, it is important to consider the harvest frequency of trees and plant faster 

growing trees, as well as engage in reforestation and thinning. This is in line with Keefe 

et al. (2014) indicating the importance of long-term supply planning for sustainable 

forestry, through the characterization of harvest frequency, harvest yields, biomass type, 

spatial pattern and transportation network. Planning for sustainable forestry in a more 

biomass-oriented forest industry, with these considerations, can hence enable increased 

productivity.  There is still a lack of planning for sustainable forest management efforts 

in Japan, especially with relation to the woody biomass supply chain.  

 

 

6.4.2. Individualism Alongside Collective Efforts for Sustainable Forestry 

 

Company A places strong emphasis on the value of forest, sustainability and benefits for 

forest owners in creating woody biomass strategies, in addition to meeting targets of 

emissions reduction, renewable energy and carbon sink creation. This is linkable to the 

“Culture” and “Social Relations & Networks” sections in the pentagon model, informal 

aspects involving a focus on sustainability from a triple-bottom-line approach as well as 

local vitalization and stakeholder involvement, respectively.  Company A and B both 

emphasize the lack of support from the local government as main inhibitors of a more 

rapid expansion of sustainable woody biomass. This is, for instance, one area which forest 

unions can improve upon, or some form of coordinator, as given by Company A, B, C 

and D. A coordinator is identifiable in the pentagon model as an element under 

“Structure”, a formal quality, through which other elements can be enabled, such as 

collaboration amongst stakeholders and knowledge-sharing across the value chain, seen 

in the informal sections “Interaction” and “Social Relations & Networks”. As argued by 

Gain & Watanabe (2014) local efforts, such as awareness-spreading and knowledge-
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building, are important for this form of coordination. This can be used to spread 

principles, such as of thinning or even biomass for heating purposes, as well as awareness 

on the potential of woody biomass to not only enable emissions reduction goals but also 

revitalize local forest industries. Hence, some of the main challenges expressed by the 

stakeholders in the case studies, such as a lack of awareness on heat from biomass, can 

potentially be tackled through the knowledge-building activities of forest institutions. 

Knowledge-building and awareness-spreading are also seen as informal factors in the 

“Interaction” section in the pentagon model.  

 

As discussed by Fabusoro et al. (2014), forest institutions as collective entities can guide 

the small-scale private forest owners in Japan towards more sustainable forestry, by 

understanding the “rules of the game”, i.e. the norms and values of the forest industry, 

an important consideration as discussed in section 6.2. This is very much in line with 

statements from companies A and B, indicating the need of woody biomass strategies to 

enable both renewable energy utilization but also forest industry revitalization in Japan. 

As discussed in section 6.2., local organizations working with forest management are 

very much informal institutions with indirect roles (Fabusoro et al., 2014), mainly acting 

in an advisory manner in relationships with forest management units and forest 

cooperatives. These teams promote sustainable forest management within a scope which 

is socially acceptable to the community at hand. A main aim is also to promote social 

relationships through forest management, as well as promote the forest in its social, 

cultural and spiritual value to people, as part of cultural heritage.  

 

The relevance of forest institutions is connected to policy and administrative 

effectiveness, thinned wood market promotion, socio-ecological relationship enablement 

and influencing the collective efforts of forest owners. Formal elements of institutions are 

important for effective forest management practice promotion. Company D, for instance, 

points out the importance of a coordinator which can aid in tackling the administrative 

complexities involved in lumber origin documentation. However, more informal 

elements are just as important, such as traditional belief systems, as they influence the 

activities and decision-making of private forest owners, as pointed out by Gain & 

Watanabe (2014). Gain & Watanabe further highlighted is also the importance of 

maintaining collective efforts and management, such as lumber regulation, alongside 

maintaining respect of forest owners’ traditions and values, also as highlighted by 

Company A and B.   
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In these strategies, and in tackling conservatism in the woody biomass supply chain, 

enabling innovation is potentially a key factor. The forestry sector, as indicated by Weiss 

et al. (2011), has strong prospects for innovation due to the several possible value chain 

pathways. With this, there is also great importance in maintaining respect of values 

across the supply chain. The potential of innovation in the woody biomass supply chain  

 

6.5. Enabling Innovation for Overcoming Challenges 
 

It is of interest to discuss how challenges faced the woody biomass supply chain as 

identified in the case studies of this thesis can be overcome by enabling innovation. 

According to Hartmann (2014), innovation can encompass several players from one or 

more organizations in creating new value, whether related to technology, processes or 

organizational structure. Seeing that the woody biomass supply chain is affected by 

multiple cross-sectorial stakeholders, the potential of innovation to enable the 

development of woody biomass is of interested to be discussed further. Especially 

considering the stakeholder success factor perceptions gap across the woody biomass 

supply chain identified in this study, the potential of new forms of governance, both as a 

kind of innovation as well as a catalyst of innovation, is also of interest to discussed 

further. Innovation through governance may be one strategy to aid in the closing of this 

perceptions gap. 

 

6.5.1. Room For Innovation In The Woody Biomass Supply Chain   

 

Some of the main challenges of woody biomass energy systems in Japan, as indicated by 

the case studies, is maintaining a stable wood supply, rooted in expensive wood 

collection technology as well as a lack of innovation in wood collection processes. 

Conservatism amongst forest owners, also indicated as a main challenge in the case 

studies alongside the current unfamiliarity with woody biomass, is also a main factor 

inhibiting innovation in this area.  Overcoming conservatism and promoting openness to 

change can be seen as a factor in the informal “Culture” section of the pentagon model. 

However, there are exceptions and examples of more innovative actors. Company A, for 

example, is investigating the potential of incorporating wood chipping on top of the 

trucks collecting wood from the forest. This can, also as shown by Aguilar (2014), increase 
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overall supply chain efficiency by making the biomass more compact and easily 

transportable upstream in the chain. This shows that there is room for innovation both 

with regard to supply chain design and processes, in addition to traditionally considered 

technological innovation. This and similar instances of innovation in forestry in Japan are 

important and have potential to spur change amongst other actors. As shown by 

Johansen & Røyrvik (2014), instances of innovation in one area, such as collective energy 

system coordination, can spread surrounding areas, at the same time also increasing the 

sustainability-consciousness in these areas. The potential of one instance of innovation to 

inspire innovation amongst other forest owners is also highlighted by Company A. 

Hence, the forest industry is unproductive in Japan but holds great potential for 

innovation in connection to woody biomass supply chains.  

 

6.5.2. Innovation For The Revitalization Of Japan’s Forest Industry 

 

As described by Schumpeter in 1934, innovation can alter an individual firm and also the 

competitive market in which it acts. (Hartmann, 2014). As company A highlights, the 

creation of a more biomass-oriented wood market has the potential to stimulate 

innovation in and revitalize the forest industry in Japan. Woody biomass supply chain 

innovation thereby has potential to alter the market(s) in which it acts. Kuboyama & 

Tanagida (2016) also highlight the impact of an expanding woody biomass market on the 

forestry sector, making it increasingly profitable to extract all parts of the tree from forests 

in Japan, attributable to abilities to utilize lower grade lumber as biofuel, as also 

highlighted by Company A. In taking advantage of new opportunities in woody biomass, 

the complex stakeholder network is of great importance of be managed accordingly.  

 

As emphasized by Hugos (2011), Weiss et al. (2011) and Loorbach (2007), innovation is 

strongly linked to supply chain coordination and finding synergies through stakeholder 

synchronization. Johansen & Røyrvik (2014) emphasize the importance of this form of 

coordination, specifically for the context of integrated energy system creation, such as the 

case of woody biomass. Company A and B both point out, in finding these synergies, an 

understanding and awareness of different perspectives and perceptions of success 

amongst stakeholders in the woody biomass supply chain is also of upmost importance, 

for instance considering the strong culture embedded in traditional mindsets in Japan’s 

forest industry. This can be linked to the informal “Interaction”, “Social Relations & 
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Networks” and “Culture” sections of the pentagon model incorporating factors such as 

stakeholder collaboration, involvement, relationship-building as well as the 

establishment of common understanding and concepts across the supply chain. In 

enabling this awareness of stakeholder perceptions, Hugos (2011) highlights the 

significance of a “mindful approach” in supply chain coordination. As elaborated upon 

in section 2.4., this approach incurs that individual stakeholders actively try to promote 

openness, attentiveness to change, sensitivity to different contexts and an understanding 

of multiple perspectives across the entire chain. Mindfulness can hence aid in creating 

increased understanding of stakeholders and corresponding opportunities and 

challenges across the supply chain, such as on forest culture and values. This is especially 

important considering the divergence of perceptions seen in Table 5, concerning the 

success factors (1) Respect of values & traditions and (6) Biomass quality control. These 

and other potential factors surrounding which upstream and downstream players have 

a lack of common awareness can be tackled through coordinative efforts, as well as a 

mindful approach. A coordinator can also be seen as a formal quality under “Structure” 

in the pentagon model of this study. A coodinative body can also be an enabler of several 

factors in the informal section “Interaction”, including stakeholder involvement, 

collaboration, knowledge-sharing and strong leadership. In enabling these factors, a gap 

of perceptions of stakeholders across the woody biomass supply chain can be closed and 

innovative capabilities increased. 

 

6.5.3. A Coordinator For The Synchronization Of Innovation Across The Supply 

Chain  

 

As shown by Weiss et al. (2011), cooperation across the supply chain can in itself be seen 

as a form of governance-related innovation, as well as a catalyst for innovation, by 

promoting communication and knowledge-exchange. This can be a main factor in closing 

the perceptions gap related to success factors of woody biomass suppyl chains, as 

identified in Table 6. This coordination, also as indicated by Gain & Watanabe (2014), can 

be enabled through forest insititutions, such as by means of forest owner organizations. 

A coordinating body in the woody biomass supply chain can connect the upstream 

forestry-related stakeholders to the downstream electricity and heat producers. The 

importance of a coordinator is also highlighted by Company C and Company D, biofuel 

and electricity producers in the case studies, as a main success factor connected to 

building relationships and trust throughout the supply chain. A coordinative body is 

seen in the formal “Structure” section of the pentagon model as well as relationship-
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building and trust in the informal “Social Relations & Networks” section. As highlighted 

by Yeniyurt et al. (2014), relations and inter-dependence affects the attitudes of 

stakeholders in the supply chain towards co-innovation and the creation of new value 

through designing the supply chain based on collaboration and a common 

understanding. The relationship management made possible by a coordinator, such as 

forest cooperative or other form of coordinator, is hence strongly linked to innovation, or 

co-innovation, and in closing the perceptions gap identified amongst the woody biomass 

supply chain stakeholders of the case studies in this thesis. The impact of a coordinator 

of the woody biomass supply chain in Japan is not, however, in the scope of this study 

and would be of interest in further studies.  

 

It has been shown throughout the discussion that the success factors are traceable to both 

formal and informal qualities, such as factors seen in the pentagon model of this study, 

indicating the importance of considering both dimensions when analyzing the woody 

biomass supply chain. The perceptions gap identified in this study involves a strong 

recognition of “Respect of values & traditions” seen only in the upstream supply chain, 

a more informal aspect, and significant emphasis on “Biomass quality control” in the 

downstream supply chain, a more formal aspect. This shows that the gap is identifiable 

from both informal and formal dimensions, and thereby needs to be tackled based on 

this. As follows is the conclusion of this study, and suggestions for further studies.  
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7. Conclusion 

There is an abundance of forest in Japan but a lack of utilization of woody biomass for 

power or heat generation. There is also an inherent potential in bioenergy systems to 

enable emissions reduction and stimulate local economies (Suntana et al., 2012). Hence, 

small-scale woody biomass energy systems are investigated in this study, due to abilities 

to integrate such systems with local industry and demands, thereby enabling woody 

biomass energy as well as local vitalization. The supply chain of woody biomass is given 

as a vital perspective in analysis, due to the multiple stakeholders involved across sectors 

and the importance of coordinating synergies amongst them in creating a collective, 

integrated energy system (Johansen & Røyrvik, 2014). In this study, both formal factors, 

i.e. technology and structure, as well as informal factors i.e. interaction, culture and social 

relations & network are subject to analysis. A focus both on technology as well as 

socioeconomic factors is derived from the concept of the sociotechnical system. As BR&D 

(2014) emphasize, there is a lack of research on bioenergy systems adopting a holistic 

perspective, as opposed to a multitude of literature on individual elements in the supply 

chain, such as moisture content reduction, biomass boiler technologies, etc. Hence, there 

is a research gap with regard to analyses of woody biomass energy system supply chains 

in Japan, from a sociotechnical perspective in creating an overview of multiple 

stakeholder perceptions. The hypothesis of this study states that there is a series of 

challenges and success factors of small-scale woody biomass identifiable from a supply 

chain perspective, discernible both in the formal and informal dimensions described. 

With this, research questions of this study are:  

1) What are the main challenges of small-scale woody biomass energy system 

supply chains in Japan? 

2) What are the key success factors of small-scale woody biomass energy system 

supply chains in Japan?  

3) How do perceptions of challenges and success factors converge and diverge 

amongst the supply chain stakeholders?  

 

In response to Research Question 1, the main challenges of small-scale woody biomass in 

Japan identified in this study are primarily related to socioeconomic and logistical 

aspects. This reinforces the need to adopt a sociotechnical view in analyses of the woody 

biomass supply chain. Administrative complexity in forest management, abilities to 

maintain a stable wood supply, as well as a lack of innovation in wood collection 
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alongside expensive wood collection technology are indicated as main challenges by field 

study interviewees. Hence the challenges of woody biomass in Japan are strongly related 

to the upstream supply chain, in line with implications from Yanagida et al. (2015), Keefe 

(2014) and Kamimura, Kuboyama & Yamamoto, 2012. Moreover, a lack of awareness on 

biomass heat utilization, a lack of support from local governments and conservatism are 

also given as barriers of woody biomass solutions. These challenges also inhibit 

innovation, such as in the realm of wood collection, and the local vitalization which is 

possible through small-scale woody biomass integration with local energy demand 

profiles. 

 

In response to Research Question 2, the key success factors of the supply chains of small-

scale woody biomass energy systems in Japan are heavily related to supply chain design 

as well as informal factors. Respect of values & traditions of the forest owners, building 

relationships based on trust and maintaining a goal of local vitalization are three main, 

more informal success factors derived from the field study interviews of this study. 

Through meeting these success factors by also focusing on informal aspects in the supply 

chain, stakeholder synergies could more easily be coordinated, thereby building social 

capital. Moreover, transportation infrastructure is given as a main supply chain success 

factor, due to high upstream costs in the supply chain of woody biomass. Business model 

integration is also given as a key success factor as it can hedge risk and maximize value 

creation through diversification. Finally, biomass quality control is given as a key success 

factor by downstream stakeholders, as it is vital for effective power generation.  

 

In response to Research Question 3, there are clearly convergences as well as divergences 

of success factor perceptions amongst different stakeholders across the woody biomass 

supply chain. There is a general unison on the importance of transportation 

infrastructure, business model integration, relationships & trust and local vitalization. 

However, a main divergence is that the upstream supply chain, i.e. forest owners and 

forest industry players, place a high emphasis on the importance of understanding and 

respecting the norms and objectives of the forest industry, which is deeply rooted in 

traditions and culture in Japan. The downstream supply chain places little or no emphasis 

on this. On the other hand, the downstream supply chain, i.e. biofuel producers and 

electricity/heat producers, strongly indicate biomass quality control as a key success 

factor. The upstream players indicate low emphasis and a lack of awareness on the subject 

of quality control, such as with regard to moisture content. Based on insight on the 

convergence and divergence of success factor perceptions, it can be derived that 
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stakeholders in the woody biomass supply chain compose a complex network crossing 

between sectors, incurring a diversity of objectives and perceptions which needs to 

managed. It is therefore vital to adopt a holistic view for multiple stakeholder 

management and coordination by understanding each stakeholder’s challenges and 

perceived success factors for increased success of woody biomass supply chains in Japan.  

 

There is a series of success factors identifiable from a supply chain perspective, such as 

those found in this study, which if identified and perception convergences and 

divergences managed, can enable small-scale woody biomass energy systems in Japan. It 

is important to note that these factors may vary amongst different projects. As given by 

Johansen & Røyrvik (2014), supply chain design and understanding synergies is vital at 

the onset of collective energy system planning for long-term success. The existence of a 

divergence of success factor perceptions implies the importance of viewing woody 

biomass energy system development from a supply chain perspective. This implies the 

importance of coordination and open comnunication for a common understanding in 

organizing synergies in the woody biomass supply chain. Stakeholders, despite various 

internal objectives, may have incentives to collaborate to achieve multiple objectives 

through the creation of mutual benefits and understanding. This would require some 

form of platform or coordinator to facilitate synergy organization and collaboration, 

through the incorporation and management of stakeholders. The importance of 

understanding and managing perceptions across the woody biomass supply chain is also 

highlighted by Gold (2011), indicating the high impact of citizen perceptions, Aguilar 

(2014), implying that woody biomass challenges are often attributable to different world 

views related to woody biomass, Keefe (2014), stating that different objectives of 

stakeholders across the supply chain need to be coordinated. Yoshida et al. (2014) also 

highlight the need to foster information symmetry and a common vision in woody 

biomass supply chains due to the complex stakeholder network.  

 

Challenges and success factors of the small-scale woody biomass supply chain as 

identified in this study are traceable to both formal and informal dimensions. There is a 

convergence of perceptions of success factors amongst the supply chain stakeholders, 

which is important to be managed and leveraged. There is also a divergence of 

perceptions, or a perceptions gap, amongst the upstream and downstream stakeholders, 

which is important to be managed and closed for long-term success of the woody biomass 

supply chain. This perceptions gap involves both formal and informal factors. Hence, 

woody biomass supply chains need to be planned and managed from both dimensions.  
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8. Suggestions for Further Studies 

By bringing insight on the importance of finding and managing multiple stakeholder 

perceptions, from a complete supply chain perspective, this study can serve as a base for 

further studies on success factors in the woody biomass supply chain, seen from a 

sociotechnical angle. This study highlights the significance of investigating both formal 

and informal factors, and taking a holistic approach in supply chain analysis. Based on 

this, there is a series of further studies which are of interest, such as:  

 Woody biomass supply chain success factor variations in different regions in Japan 

 A further exploration of the identified success factors 

 Success factors of woody biomass supply chains in other countries 

 A further exploration of potential factors not explicitly mentioned by interviewees, 

such as sustainable forest management  

 Impact of:  

 Culture on the woody biomass supply chain, in other countries 

 A coordinator integrated in the woody biomass supply chain  

 Knowledge-sharing for biomass heat 

 Knowledge-sharing on biomass quality from the downstream to upstream 

supply chain 

 FITs for heat from renewable energy in Japan 

 Policy implications: integration of forestry and energy agencies in Japan 
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Appendix I: Biomass Energy Conversion Pathways 

 

 

Figure 29: System flow of biomass power generation utilizing woody biomass sourced from forest thinning and 

residue, based on Steam Rankine Cycle (SRC) (Yanagida et al., 2015)  
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Figure 30: System flow of biomass CHP based on Organic Rankine Cycle (ORC) (Quoilin et 

al., 2013) 
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Figure 31: Biomass CHP system with gasification for syngas and an internal combustion 

(IC) engine for electricity and a cooling circuit for heat supply (Rentizelas et al., 2009). 

Figure 32: Biomass power generation based on a gasification combined cycle system, with recovery and 

utilization of heat following the gas turbine in a steam generator (NREL, 2012) 
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Appendix II: Overview of Shimokawa Town 

Figure 33: Overview of Shimokawa Town sustainability efforts, showing development in forest management, biomass 

production and utilization for power and district heating and cooling (Anzai, 2008) 

 


